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When a Mathews Hydrant is broken in a traffic 
accident, two men can put in a new barrel in a 


matter of minutes—wéthout excavating. Speed of 
replacement is important when community 
safety is at stake. 


MATHEWS 


HYDRANTS 


Made by R. D. Wood Company Public Ledger Building, Inde- 
pendence Square, Philadelphia 5, Pa. © Manufacturers of 
"Sand-Spun”™ Pipe (centrifugally cast in sand molds) and 
R. D. Wood Gate Valves 


Mathews Modernized Hydrants . . . Tops in Convenience and 


Dependability Compression-type valve prevents flooding « Head 
turns 360° e Replaceable head e Nozzle sections easily changed 
e Nozzle sections raised or lowered without excavating ¢ Pro- 
tection case of “‘Sand-Spun”’ cast iron for strength, toughness, 
elasticity « Operating thread only part to be lubricated « All 
working parts contained in barrel ¢ A modern barre! makes an old 
Mathews good as new e Available with mechanical joint pipe 
connections 
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CONCRETE 


ABOVE: Continuous walls of 
dense, smooth concrete which 
cannot tuberculate or corrode 
assure permanent high carry- 
ing capacity to Lock Joint 
Concrete Pressure Pipe. 


Tuberculated mains—corroded mains—leaky mains 
—all cost municipalities, taxpayers and industry 
immense sums every year in added pumping costs, 
maintenance and repairs. Yet, by the use of Lock 

ABOVE: The tuberculated condi- 
Joint Concrete Pressure Pipe, all of this unneces- ¢i5, of this metallic pipe reduces 
sary expense could be eliminated. its carrying capacity 50%. 


1. LOCK JOINT PRESSURE PIPE 2. LOCK JOINT PRESSURE PIPE 


does not tuberculate... does not corrode... 


No excessive pumping costs No cost for major repairs 
RESULT No periodic cleaning costs RESULT No cost for periodic patchwork 
No loss of income from inade- No loss of revenue while the 
quate delivery of water. line is closed for repair. 


Consider these facts when you plan your next water supply or transmis- 
sion main and specify Lock Joint—the pressure pipe of perpetual economy. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: Wharton, N. J. 
Turner, Kan. * Detroit, Mich. * Columbia, S. C. 


BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, 
Col. + Kansas City, Mo. + Valley Park, Mo. «+ Chicago, Ill. 
Rock Island, Ill. + Wichita, Kan. « Kenilworth, N. J. + Hartford, 
Conn, +» Tucumcari, N. Mex. « Oklahoma City, Okla. + Tulsa, Okla. 


Lock Joint Pipe Company for over forty years has spe- 
cialized exclusively in the manufacture of reinforced 
concrete pipe for water supply and tranemission mains 
as well as for sewers, culverte and eubaqueocus 
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any meter 
repairing 
is worth 
repairing 
well... 


It takes a little longer and 
costs a little more to make a repaired 
meter register 90% or better at 4 gpm. 
But it is time and money well spent — 
it will be quickly returned in added 
revenue. 


The fact is, about 13% of domestic 
water use is at less than '/2 gpm. — or an 
average of about '/, gpm. Perhaps your 
shop doesn’t test at that rate. Maybe 
you feel it takes too much time — ties a 
man up too long—and you can’t afford it. 


But you can—and you should—afford 
it. You lose too much when you don’t. 
Many water utilities have proved this 
for themselves — the savings come not 
only in increased revenues but in de- 
creased pumping costs —neglected leaks 
are repaired. 


The time to insure best test results for water meters 


is when you select them. Buy Tridents and you buy 
sustained accuracy, ease of repair, maximum revenue. 


NEPTUNE METER COMPANY 


50 WEST 50th STREET © NEW YORK 20, N.Y. 


ATLANTA © BOSTON + CHICAGO + DALLAS + DENVER + LOS ANGELES + LOUISVILLE + NORTH KANSAS CITY + PORTLAND, ORE. + SAN FRANCISCO 
NEPTUNE METERS, LTD., LONG BRANCH, ONT,, CANADA 
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Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A.N.A. 


Tus RURAL SCENE is not an unusual 
background for cast iron pipe. The installation 
might be a water supply line for a city nearby. It 
could be a sewer force main leading to a treatment 
plant. Also it might be a gas transmission 

line for a city, in which case it would 
unquestionably be of the mechanical joint type. 


U. S. cast iron pipe in sizes 2-inch through 
24-inch are cast centrifugally in metal molds with 
bell-and-spigot; mechanical joints and plain ends. 

All sizes of flexible joint and integral flange 
pipe and all pipe 30-inch and larger are cast by 
the pit cast process. By whichever process 

the pipe is made, high quality is assured 

with the modern control methods 

employed during its manufacture. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. 
Plants and Sales Throughout the U.S. A. 
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TRANSITE PIPE last longer 
West Virginia city streets? 


Transite Pipe was first installed in this West 
Virginia city in 1935. In addition to heavy 
street traffic, it has withstood soil condi- 
tions so destructive that the pipe previously 
used had a service life of only two to three 
years. When the Transite main was recently 
uncovered to insert a tap into the line, the 
pipe was found in as good condition as 
the day it was laid! 


it’s reinforced with ASBESTOS 


for lasting strength 


THERE IS GOOD REASON why Transite* 
Pressure Pipe—shown in the city street 
above — has already far exceeded engi- 
neers’ expectations for the service life of 
pipe used here: 


It’s reinforced with tough, strong, inde- 
structible fibers of asbestos —the mineral 
that defies time! 


Countless numbers of these remarkably 
strong asbestos fibers —their tensile 
strength is comparable to that of steel 
— are dispersed uniformly throughout 
every length of Transite Pressure Pipe. 
This reinforced structure not only con- 
tributes to the initial strength needed in 
a pipe designed for use under busy city 
streets. Equally important, it helps assure 
the /asting strength that enables Transite 
Pipe to survive continued corrosive 
attack, year after year...to stay strong in 
service under conditions that are highly 
adverse to ordinary pipe materials. 


This quality of lasting strength is one 
of many important advantages of a pipe 
engineered with modern water transpor- 
tation requirements in mind. Transite’s 
Simplex Couplings reduce waterline leak- 
age losses to a minimum, provide 
flexibility to help relieve the line of soil 


This photomicrograph shows how the tough, 
strong asbestos fibers are distributed uni- 
formly throughout the structure of the pipe. 


stresses and traffic loads. Its light weight 
makes for easier handling and effects sub- 
stantial savings during installation. Its 
smooth interior assures a high coefficient 
of flow (C=140) and, because Transite 
can never tuberculate, helps keep pump- 
ing costs low through the years. 


To find out more about how this mod- 
ern asbestos-cement pipe can help solve 
your waterline problems and save 4-4. 
you money, write Johns-Manville, 
Box 60, New York 16, N. Y. 


overs 
*Transite is a registered Johns-Manville trade mark. 


ashestos-cement, PRESSURE PIPE 
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FIELD TEST REPORT 


Better Results Obtained When Activated 
Carbon and Alum Applications are Separated. 


PROBLEM: A water plant in New 
Jersey was applying Aqua Nuchar 
“A” to raw water and reported that 
they were not getting anticipated 
results. When the Aqua Nuchar 
Threshold Odor Specialist visited 
the plant, they were applying 214 
to 3 ppm Aqua Nuchar Activated 
Carbon along with alum to the raw 
water. However, there was no 
noticeable reduction in odor con- 
centration by the use of this treat- 
ment. 


SOLUTION: Laboratory tests 
showed that the activated carbon 
should be applied before alum, or 
after coagulation in order to obtain 
maximum benefits. 


About 2 ppm. of chlorine was be- 
ing added to the settled water be- 
fore filtration, without any effect 
on the taste and odor concentration. 
However, addition of % ppm of 


chlorine to the water which leaves 
the clear well resulted in an increase 
in taste and odor. It was suggest- 
ed that ammonia be applied ahead 
of the chlorine at a ratio of 4 
parts chlorine to 1 part ammonia 
in an effort to eliminate this odor 
increase. There was a chlorinous 
taste in the tap water, which 
changed to musty-weedy in the 
distribution system. A threshold 
number of 5 was judged to be pala- 
table and since the tap water had 
an odor number of 7, it was defi- 
nitely unpalatable. 


Labaratory studies showed that 
a simultaneous addition of both 
Activated Carbon and alum results 
in poor adsorption of tastes and 
odors. When the Activated Carbon 
application point was separated 
from the alum, a lower dosage was 
required to bring the threshold odor 
number below the palatable limit 
of 5. 


CHEMICAL SALES 
division west virginia pulp and paper company 


New York Central Building Pure Oil Bidg. 
230 Park Avenue 
New York 17, N. Y. 


35 E. Wacker Drive Broad & Chestnut Sts. 
Chicago 1, Illinois Philadelphia 7, Pa. 


2775 Moreland Bivd. 
At Shaker Square 
Cleveland 20, Ohio 


Lincoin-Liberty Bidg. 
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Thee’s\more than meets the eye... 
ey) 


IN W&T CHLORINATORS, TOO 


Service, basic research, a complete line 
of equipment—these are some of the im- 
portant unseen things back of each W&T 


Chlorinator. 
kernan 


prinator ~ For example, take readily available service. 
It’s mighty comforting to a waterworks 


operator to know that back of the equipment 
which guards the public health in his com- 
munity is always on call a man who’s a 
specialist in chlorinator maintenance—a 
man who’s personally interested in the wel- 
fare of the equipment in his territory—a man 
who’s an expert on chlorinator installations 
and instructing personnel in the proper 
care and operation of W&T Equipment. 


That’s what W&T’s Nationwide Service Staff 
means—perhaps one reason so many plants 
are equipped with W&T Chlorinators. 


“WAT Representatives Are Conveniently 
Located To Give Prompt Service. 


WALLACE & TIERNAN 


COMPANY, INC. 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES 
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Intakes on Variable Streams 
By Vance C. Lischer and Herbert O. Hartung 


A paper presented on May 8, 1952, at the Annual Conference, Kansas 
City, Mo., by Vance C. Lischer, Horner and Shifrin, Cons. Engrs., 
St. Louis, Mo., and Herbert O. Hartung, Production Dept. Engr., St. 
Louis County Water Co., St. Louis, Mo. 


DEPENDABLE source of water 
supply is the prime requisite of 
a water system. When the source of 
supply must be a variable stream, care- 
ful planning and engineering are neces- 
sary to make it dependable. No dis- 
asters in water supply operation are 
more serious or more difficult and time 
consuming to correct than many kinds 
of intake failures. Intake failures are 
generally attributable to lack of consid- 
eration for the extreme vagaries of 
nature which are never more manifest 
than on variable streams. 

Variability in a stream not only re- 
fers to fluctuations in flow and level, but 
also to the natural habit of a stream to 
meander and change its shoreline, to 
its power to transport heavy loads and 
the resultant shifting of the bottom of 
the stream, and to abrasion problems 
which result from the presence of sand 
and silt in the water being pumped. 

Incidental to these major problems 
on variable streams, and of much 
greater importance to the designer and 


operator, are the problems in cold cli- 
mates resulting from ice, the problems 
due to drift and floating material, and 
perhaps even navigation problems. 
The other problems of water quality, 
pollution, and treatment are not dis- 
cussed, as the scope of this paper is 
confined to the intakes or the means 
of extracting water from variable 
streams. 


Unstable Channel 


Meandering rivers in broad, flat flood 
plains with deep alluvium present the 
most difficult problems for the intake 
designer. Unless the water user is 
prepared for the great expense entailed 
by dikes, jetties, and channel protec- 
tion, he may find that the river chan- 
nel will silt up and move away from a 
costly installation or may even endanger 
it by cutting behind it. Only large 
cities can afford such extreme expense. 
Careful thought must be given to site 
selection, and the site should have a 
long history of stability. 
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Although the navigation and flood 
control improvements of the Army 
Corps of Engineers on major streams 
in the United States have generally 
benefited intake installations, there are 
examples of a channel being deliber- 
ately moved away from existing in- 
takes, thus creating serious problems 
and causing towns to build new intakes 
at additional expense. In general the 
intake site should be chosen on the out- 
side bank of a well established river 
bend, a point at which the river is usu- 
ally swiftest and deepest. The inside 
of a bend is generally shallow and has 
broad flat sand bars. If a site is avail- 
able at which the river runs against a 
rock bank, a reliable intake can gen- 
erally be built. Sufficient depth of wa- 
ter for extreme low water must be as- 
sured, however. 


Silt and Bed Load 


Besides the load of silt carried in 
suspension by flowing streams, there is 
also a constant movement of heavier 
material on the bed of the stream. 
Both of these sources of solids can be a 
problem in intake structures. The in- 
take must be designed so that chan- 
nels, conduits, or intake openings will 
not silt up or be obstructed by deposits 
of bed load. A serious problem of 
abrasion of mechanical equipment and 
pumps is frequently experienced in in- 
takes on variable streams, making it 
difficult to maintain pump efficiency. 
Some of the trouble due to abrasion 
can be avoided by careful intake de- 
sign and proper pump selection. Large 
amounts of sand and heavy solids will 
cause trouble in purification basins and 
may even necessitate the installation of 
grit removal facilities. 


Cold Weather 


Winter problems, too, are important 
to the designer of an intake on a varia- 


H. 0. HARTUNG 
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ble stream. The intake structure must 
be massive enough to resist the thrusts 
of ice jams. The intake openings must 
be deep enough to avoid taking in slush 
ice which may run as deep as 6 to 8 ft 
in the stream. The piping and equip- 
ment must be protected against freez- 
ing. Frazil and anchor ice may be 
problems, but the problems resulting 
from floating ice are the most serious. 
In colder areas, where rivers freeze 
over every year winter problems may 
be less acute than in areas where pe- 
riods of extreme cold bring floating ice. 


High Water 


The problems of high water and 
flood are common. Intake failures un- 
der such conditions generally result 
from failure to consider properly the 
flood potentiality of a stream. <A 
stream stage record of even 100 years 
is inadequate in terms of geologic time 
concepts. 

The same care should be given to the 
selection of the safe flood height of the 
intake structure as is given to the deter- 
mination of the spillway capacity of a 
dam. The extent to which it is pos- 
sible for floods to exceed previously 
considered safe levels was demonstrated 
in the floods of 1937 at Cincinnati, 1951 
at Kansas City, and 1952 at Omaha. 
At Cincinnati, the previous maximum 
stage was exceeded by 8.9 ft, at Kan- 
sas City by 5 to 8 ft, and at Omaha by 
5.5 ft. 

In the long-term planning that is 
essential to the design of public water 
supplies, consideration must be given 
to the changes which man is making in 
watersheds and stream channels that 
affect the rate of runoff and the stream 
channel capacity. Those changes which 
encourage floods are brought about by 
deforestation, agricultural uses of land 
which increase runoff and erosion, 
mining and industrial operations which 
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expose the soil, and, on small water- 
sheds, urban developments which 
change the percentage of impervious 
area. Further aggravation of the prob- 
lem is brought about by man-made 
structures, such as bridges, docks, and 
levees, which confine the channel and 
create higher flood crests. 

The few efforts made thus far in 
flood prevention by the construction 
of dams and by better land use have 
been of negligible consequence in the 
control of maximum flood levels on ma- 
jor streams. The designer has no 
choice but to provide a liberal margin 
of safety in establishing the flood pro- 
tection level of the intake. The break- 
ing of previous records at Cincinnati, 
Kansas City, and Omaha should serve 
as a warning and perhaps a guide. 


Low Water 


Low water conditions have an im- 
portant bearing on intake design. The 


intake must be capable of extracting 
the necessary quantity at the lowest 


stage which might occur. The depth 
of the lowest intake opening must be 
materially lower if the stream is sub- 
ject to floating ice and extremely cold 
climatic conditions. If a minimum in- 
take submergence of 3 ft is adequate 
in warm climates, 8 to 10 ft and pref- 
erably more submergence may be re- 
quired in cold climates. Hence, the 
season of the year in which low water 
occurs is an important consideration. 

Extreme low-water stages of most 
of the large midwestern streams occur 
during the winter because of ice jams 
upstream and the complete dependence 
for flow upon ground water—for ex- 
ample, the 91-year records for the St. 
Louis gage on the Mississippi show a 
summer low of — 4.1 ft and a winter 
low of — 6.1 ft. 

Ground water is the only important 
contribution to stream flow in deter- 
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mining low-water stages. In a large 
watershed, such as that of the Mis- 
souri and the Mississippi, some surface 
water is likely to be included in the 
flow at all times, but the effect of pre- 
vious rainfall deficiency will be the 
dominant factor in establishing low 
stages, as illustrated by the occurrence 
of the lowest summertime stages of 
the Mississippi River at the St. Louis 
gage after the drought years of 1934 
and 1936. The low stage was — 3.0 
in the summer of 1934 and — 4.1 in 
the summer of 1936. : 

In the design of an intake, stream 
stage records are the only reliable 
source of data for determining extreme 
low-level conditions. Site observations 
may be helpful but it is necessary to 
be extremely conservative in establish- 
ing the lowest operating level of the 
intake to allow for deficiencies of record 
information and for the variability of 
nature. 

Frequently, and particularly if small 
streams must be the source of supply, 
it may not be practical to provide suffi- 
cient intake depth in the natural stream. 
A depression in the natural stream bed 
to provide the requisite depth is im- 
practical because of bed load siltation 
which could not be avoided. A low 
dam may be the only means of secur- 
ing sufficient intake depth. Such a 
dam may be designed to be completely 
submerged during flood periods or may 
be designed with proper spillway ca- 
pacity. As not more than 8 to 10 ft 
may be required, a low dam of such 
height can be self-scouring during pe- 
riods of high water. Thus deposits of 
sand and gravel will not make the in- 
take inoperative. 


Variable Head 


If an intake serves purification 
works located in an alluvial bottom, 
the variatién in head on the intake 
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pumps caused by fluctuations in river 
level may constitute a problem in pump 
selection and may be an important con- 
sideration in intake design. Variations 
in level between extreme high and low 
stages of 30 to 50 ft are not uncom- 
mon. If the average static head is of 
the order of 30 to 40 ft, static pumping 
heads may vary from 10 to 60 ft. The 
selection of pumping units to operate 
over this range at good efficiency and 
without cavitation is difficult. 

In selecting the pumping units, data 
on the duration or length of time that 
various river stages are experienced 
are necessary if maximum average 
efficiency is to be achieved. Knowl- 
edge of the seasonal pattern and ex- 
tremes is also necessary to determine 
the intake capacity requirements that 
are dictated by the seasonal variation 
in water demand. Such information is 
generally available from the United 
States Weather Bureau, from the state 
water survey or the U.S. Geological 
Survey. A typical stage-duration curve 
for 88 years of record from the St. 
Louis gage is given in Fig. 1. This 
curve is constructed from tabulations 
made by the Army Corps of Engineers. 
Information of this character is neces- 
sary forthe intelligent design of in- 
take structures. 


Screens 


The nature of floating material in a 
stream has an important bearing on 


intake design. A strainer or screen is 
necessary to protect the pump and the 
purification facilities. In order to mini- 
mize the possibility of clogging of the 
screen or strainer, the openings should 
be as large as is consistent with the ca- 
pacity of the pump to pass solids and 
the purification facilities to handle 
them. For low-head pumps of 10-in. 
pipe size and larger, strainer openings 
of 14 to 2 in. in diametef should not 
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Fig. 1. Stage-Duration Curve of 
Mississippi River 
The data were obtained over a period of 
88 yr at the St. Louis gage. Zero on the 
“Gage Reading” scale was taken at 379.94 
ft mean sea level. 


result in difficulties with pumping 
equipment. If the intake pumps are 
smaller, care must be taken to provide 
the largest possible screen opening. 
The manufacturer can generally supply 
information on the largest sphere which 
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his pump will pass. The character of 
solids and of the purification facilities 
will determine the extent of screening 
required to avoid difficulties with these 
facilities. In general, most material 
that is likely to be taken in will soon 
become waterlogged and be removed 
by the sludge-handling equipment. 

In order to minimize clogging and 
to conserve head, it is essential that the 
velocity of flow through screen or 
strainer openings be relatively low. 
The velocity, which is based on net 
area, can be as high as 1 to 2 fps for 
coarse bar screens having 14-in. spac- 
ing and larger and should be as low 
as 4 fps for 4-in. mesh screens. 


Screens or strainers that are likely 
to become clogged should be capable 
of being cleaned. When the material 
that is producing the clogging can be 
handled in the purification process, 
consideration should be given to the 
use of coarser screens because screen 
cleaning is a costly nuisance. If the 
intake opening is located at a point sub- 
ject to high channel velocities in the 
stream and if back-flushing can be ac- 
complished, it should be possible to 
eliminate the use of mechanically 
cleaned screens and to use only a coarse 
bar screen in front of the intake gate 
or opening. Frequently the small 
amount of reversal of flow that results 
from a pump shutdown is adequate 
to permit solids adhering to the screen 
to be released and to be carried away 
by the current. 

If the purification processes include 
coagulation, sedimentation using me- 
chanical clarifiers, and filtration, it is 
doubtful whether the use of } to 1-in. 
mesh screening can be justified. Elab- 
orate investments in screening facili- 
ties are required if clear untreated 
lake water is used as a direct source 
with chlorination the only treatment or 
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if water is used untreated for cooling 
and similar processing requirements. 

Frequently fish and other large liv- 
ing organisms enter the intake open- 
ings. It is difficult to conceive of an 
intake screen that would be practical 
and still strain out all such living or- 
ganisms. Actually, from a public health 
standpoint, they would be of little sani- 
tary significance in a modern plant if 
allowed to reach the purification works 
either dead or alive in the numbers that 
are likely to be encountered in most 
streams. If dead, they would be quickly 
removed in the sludge removal process 
and if alive, they could not pass 
through the filters. There is certainly 
little difference from the public health 
standpoint between dead organisms in 
the river and in the treatment works. 
In short there is little justification for 
providing screens small enough to catch 
all the fish that might be encountered 
unless there is specific experience to 
indicate they can be encountered in 
sufficiently large numbers to consti- 
tute a purification or health problem. 

If floating material is likely to in- 
clude heavy loads of drift, intake struc- 
tures protruding into the stream must 
be designed to withstand the forces re- 
sulting from such loads. If the stream 
is used for navigation, the possibility of 
impact from boats or barges that are 
out of control must also be considered. 


Legal Problems 


In arid regions, prior rights to the 
flow in the stream must be recognized 
before additional water can be taken. 
If the stream flow is low, the water 
user must recognize the rights of per- 
sons downstream to use of the water 
in the stream and must be prepared to 
establish and to protect his legal right 
to the water. 

If the river is under the control of 
the Army Corps of Engineers, such as 
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the Missouri, Mississippi, Ohio, and 
others, it is necessary to obtain a per- 
mit to construct an intake and to ex- 
tract water from the river. It must be 
recognized that a riparian owner on 
such a river has no right to land below 
an arbitrary water level described as 
the “ordinary low-water line.” Usu- 
ally this line must be established by 
legal procedure. Of equal importance 
to an intake designer is the “ordinary 
high-water line.” This line establishes 
the width of the navigable channel on 
navigable streams over which the fed- 
eral government has _ jurisdiction 
through the Army Corps of Engineers. 
It is more easily defined than the ordi- 
nary low-water line—and is generally 
a few feet short of bank full level. 

Nature gives no guarantee, of course, 
that the shoreline or even the land on 
which the structure is founded will be 
maintained to continue the useful func- 
tion of the intake. Even worse, the 
government can move the channel away 
from the intake and thus nullify the 
entire investment, without recompense 
to the owner. The intakes at St. 
Charles, Mo., and Council Bluffs, Iowa, 
are past examples. Before planning 
an intake on any major stream, it is 
desirable to ask governmental agencies 
about any planned channel improve- 
ments. 


Intake Types 


The means of extracting water from 
variable streams are as varied as the 
imagination of man. Intake design is 
influenced by the characteristics of the 
stream and shore line, the quantity of 
water desired, economic considerations, 
and the degree of reliability required. 


Intake Towers 


Intake towers are defined as intake 
structures generally located in mid- 
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stream with a gravity pipe or tunnel 
leading to the intake pumping station 
which is located on or near the shore. 
Intake towers were formerly used ex- 
tensively. A part of the intake fa- 
cilities of the Chain of Rocks Plant of 
St. Louis is of this type. Two intake 
towers are in use in addition to a shore 
intake. The conduits from the towers 
to the wet well are tunnels in rock. 
Intake towers will generally have 
several gated openings for admitting 
water. The openings used at any par- 
ticular stage will depend on bed load 
movement in the stream. Intake tow- 


Fig. 2. Shore Intake at Howard Plant 
in St. Louis 


ers and their associated underwater 
conduits or tunnels are costly and 
hence their use is confined to large 
plants. They require a fairly stable 
channel and the construction of the 
conduit is simplified if a rock tunnel 
can be used. An important disadvan- 
tage is their inaccessibility during pe- 
riods of heavy floating ice and the in- 
convenience of having to reach them 
by boat. For ordinary operation this 
disadvantage can be offset by using 
remote-controlled gate operators. 
Emergency maintenance may require 
a trip to the tower during unsatisfac- 
tory river conditions, however. 
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Shore Intakes 


A shore intake is the most commonly 
used type for large intakes. It con- 
sists of a massive structure with a ver- 
tical or slightly inclined wall at the 
river edge. This wall has gated open- 
ings at several depths for selective in- 
take of water. Coarse bar screens, 3- 
to 4-in. spacing, are used in front of 
the gates and revolving screens are 
sometimes located in a well behind the 
gates. The most notable examples of 
this type of intake generally include 
as part of the structure a dry well in 
which horizontal, volute type centrif- 
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Submerged Intake Cribs 


The use of submerged intake cribs 
comparable to those used in clear lakes 
deserves only passing mention because 
of their limited application to river in- 
take problems. Such intakes consist of 
a submerged timber or concrete box or 
crib with a bottom- or side-connected 
pipe running to the shore. Owing to 
bed load and siltation problems, it can 
rarely be used in variable streams. 


Movable Intake Pumps 


If the river is meandering, has an 
unstable bottom, or a water level that 


10 deg Slope 


Fig. 3. Intake Pump on Movable Carriage 


The installation shown is at the St. Louis County Water Co. Plant on the Missouri 


River. 


The pumphouses are built over railroad type wheels which roll upon a 


railroad track. 


ugal pumps are installed. The intake 
at the Howard Bend Plant in St. Louis 
is an outstanding example (Fig. 2). 

If the dry wells are built as a part 
of the shore intake, problems of uplift 
and flotation are encountered. The 
structure must have sufficient mass to 
resist flotation under extreme flood con- 
ditions. Vertical wet well pumps have 
been used to minimize the expense of 
providing the required mass or piling 
to resist uplift and flotation. 


is subject to appreciable variation, the 
movable intake pump is frequently used. 
Movable intakes are structures and 
pumps that may be routinely moved to 
correspond to changes in the river. 
These designs usually have the advan- 
tage of low first cost in comparison to 
the fixed installations required under 
similar conditions of moving river bot- 
tom and changing water elevation. 
The low first cost, however, must usu- 
ally be balanced against the operating 
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costs entailed each time a pump or 
structure is moved. On the other hand, 
the movable intake design frequently 
represents a very reasonable operating 
investment when weighed against the 
prohibitive cost of caissons or sub- 
marine foundations required in fixed 
installations. 


Intake Pumps on Movable Carriages 


Sometimes a river bank can be 
shaped, paved, and made stable to 
form an incline extending from the 
river bottom to a point above high wa- 
ter. Intake pumps on wheels or mov- 
able carriages which can be moved up 


Inclined Roadbed for Movable 
Pumps on Carriages 


The tracks have either a 6- or 7-ft gage 
and are laid upon an approximately 10 
per cent inclined roadbed. 


Fig. 4. 


or down the incline often constitute a 
low-cost, feasible intake. This type 
intake is especially adaptable if in- 
clines can be formed on river bank 
levees that have been made stable by 
riprapping or revetment work and that 
are near the water’s edge, but have 
soil-bearing conditions that preclude 
construction of heavier, fixed intakes. 

Typical of this type of intake are the 
movable pumphouses and pumps at the 
St. Louis County Water Co. on the 
Missouri River (Fig. 3). Pump- 
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houses, each containing a 16-in. or 
larger pump, are mounted on wheels 
which roll upon a railroad track. The 
tracks have either a 6- or 7-ft gage, and 
are laid upon an approximately 10 per 
cent inclined roadbed at right angles 
to the water edge and extending from 
extreme low-water elevation to the top 
of a levee above maximum flood eleva- 
tion, as shown in Fig. 4. These pump- 
houses can be moved up or down the 
incline to follow the level of the water 
in the river. When the river water 
elevation is receding, the pumphouses 
are lowered to prevent pump suction 
lifts from becoming too great; when 
river water elevations are rising, the 


Fig. 5. Winches for Moving Pumphouses 


The winches are solidly anchored at the 
top of the incline. 


pumphouses are pulled up the incline 
to prevent flooding of the pumps. 
Pumphouses are moved by a winch 
which is solidly anchored on top of the 
incline (Fig. 5) through a wire cable 
attachment. The winch is usually op- 
erated by a portable type gasoline mo- 
tor but it can be operated by hand 
cranking using four to five men. 
Suction piping for each pump ex- 
tends from a point beneath the pump- 
house floor into the river. The suc- 
tion piping is attached to the pump- 
house and moves up and down the in- 
cline with the pumphouse. Silting in 
of the suction strainer on the end of 
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the suction pipe is not a serious prob- 
lem with this type intake because the 
suction strainer is moved to a different 
location each time the pump is moved 
up or down the incline. Heavy bed 
loads are also avoided because, during 
high stages, water is extracted near the 
river surface. 

A pump discharge header parallels 
the rails on the pump incline. Flanged 
openings into this header are provided 
at several elevations to receive the 
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pumphouse is moved. The power line 
is parallel to the railroad rails and the 
poles are high enough for all cross arms 
to remain above high water even at 
the lower end of the incline. Power 
leads are attached to the overhead wire 
by means of simple slip-on and clamp 
connectors which can be attached or 
removed in a few moments. 

The total time elapsed in moving a 
pumphouse containing a 16-in. or larger 
pump from one location to its next lo- 


Plan A-A 


Fig. 6. Intake Pump on Floating Barge at St. Charles, Mo. 


Discharge connection from the barge is made into one of several connections on a 
pipeline header laid on a dike extending into the river channel. 


pump discharge. Each time the pump- 
house is moved, the discharge piping 
from the pump is reconnected to one 
of these flanged openings correspond- 
ing to the new elevation of the pump. 
A flexible rubber sleeve in the pump 
discharge piping facilitates easy bolt- 
ing and unbolting to these flanged 
openings. 

Power leads to the pump must also 
be disconnected and reconnected to an 
overhead power line each time the 


cation higher or lower—approximately 
5 ft difference in elevation—is about 
3 hr, and normally requires a crew of 


three men. Each intake pump is de- 
signed to operate with a 15-ft suction 
lift. 

This type of intake requires some 
extra operating attention during times 
of severe cold and icing of the river. 
The discharge pump piping can be ade- 
quately insulated and heated against 
freezing; the suction piping at the 
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point of entry into the river, however, 
occasionally requires some additional 
protection to prevent freezing and dam- 
age from floating ice cakes. 

Because the pumps are always above 
river level, they are always operated 
with a suction lift. Provision for prim- 
ing the pumps is a requisite design con- 
dition. An automatic priming system 
is provided by the St. Louis County 
Water Co. for its pumps. 


Floating Pumps 


If both the river bank and the river 
bottom shift frequently, the floating 


Fig. 7. Floating Barge Intake at 
St. Charles, Mo. 
The barge is moved in and out from the 
normal river bank along a dike as the 
river changes in width. 


type intake is sometimes applied. In- 
take pumps are installed upon a barge 
which can be moved with the changing 
river channel. Pump suction can be 
taken from an opening through the 
barge or the suction piping can be ex- 
tended over the side of the barge. 
Both horizontal and vertical pumps have 
been used on such barges. Discharge 


pump piping is connected through 
flexible connections to a pipeline header 
which is usually carried from the shore 
to the barge on high piling or upon a 
rock-filled dike. 


If river bottom con- 
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ditions permit, the pipeline can also 
be extended to the floating barge by 
laying the pipe in a dredged trench 
deep in the river bottom and termi- 
nated in a cluster of piling at the barge 
location. Operating power can be ob- 
tained through an electric cable or by 
diesel engines. 

A floating barge intake was built at 
St. Charles, Mo. (Fig. 6 and 7) after 
the channel improvement of the Mis- 
souri River left the shore intake 
stranded behind a sand bar. The 
barge is moved in and out from the 
normal river bank along a dike as the 


Fig. 8. Floating Barge Intake of Missouri 
Portland Cement Co. 


The intake is located on the Missouri 
River at a location protected by timber 
dikes. 


river changes in width. Discharge 
connection from the barge is made into 
one of several connections on a pipe- 
line header laid on a dike extending 
into the river channel. As sand bars 
form and threaten to silt in the suc- 
tion piping, the barge is moved into 
deeper water. 

The floating intake pump design re- 
sults in a constant suction lift regard- 
less of river levels. Barge location 
changes are required because of a mov- 
ing river channel and the formation of 
sand bars. Such a location change is 
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required several times each year at St. 
Charles and can be made within two 
hours by two or three men if the river 
is free of ice. 

An icing river somewhat handicaps 
the movement of the barge to a dii- 
ferent location. When a required loca- 
tion change happens to correspond 
with a frozen river, ice saws and picks 
are used to open up the necessary path 
to move the barge into a safe location. 


High Water 
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riods. The dike at St. Charles carry- 
ing the pipeline from the shore to the 
barge location provides such shelter. 
A floating intake being used by the 
Missouri Portland Cement Co. is 
shown in Fig. 8. This intake is on the 
Missouri River at a location protected 
by timber dikes which maintain the 
navigation channel approximately 500 
ft from the shore line. Shallow water 
exists behind the dikes and, during 


— } 


Low Water 


Fig. 9. Intake Pump in Series With Removable Motors 


The series pumps are installed in small dry wells at elevations at least 15 to 20 ft apart. 


It is not practical to anchor an in- 
take pump barge of this type in the 
open channel of the Missouri River or 
similar stream when the river is 
carrying large masses of floating ice. 
The crushing effect of such ice cakes 
could be sufficiently damaging to inter- 
rupt pumping operations. Conse- 
quently, in designing a floating barge 
intake, anchorage in sheltered waters 
is desirable during some winter pe- 


much of the year, sand bars are ex- 
posed making a shore intake entirely 


impractical. In such a location a 
floating intake or an intake tower was 
the only practical solution. Obviously, 
an intake tower could not be justified 
in place of a barge intake. 

The installation shown in Fig. 8 is 
used for hydraulic stripping opera- 
tions. Approximately 4,500 gpm of 
water are required. The installation 
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is unique in that a booster pump on 
the river bank is also used to produce 
the 175 psi operating pressure required 
by the hydraulic giants. The barge 
and booster pump are remote con- 
trolled, and an automatic priming sys- 
tem is used on the barge pump. Both 
units are horizontal, split-case, double- 
suction centrifugal pumps. 


150-hp Motor 


El. 36.0 ft 


Rubber Section 
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temporarily abandoned to the rising 
river. Pumping is continued through 
the remaining pumps in the series. 
There is no appreciable loss of capac- 
ity into the system upon the abandon- 
ment of a pump or pumps inasmuch 
as the increased river stage and conse- 
quent lower pumping head compensate 
for the loss of pumping stages. 


Driveway 


El. 11.0 ft 


Fig. 10. Low River Stage Pump of St. Louis County Water Co. 


The low river stage pump provides additional intake capacity between river stages of 


14 and 36 ft. 


Series Elevation Pumps 


A novel intake pump arrangement 
which has been suggested for rivers 
of varying elevation is a series eleva- 
tion pumping installation with remov- 
able motors. Series pumps are in- 
stalled in small dry wells at eleva- 
tions at least 15 to 20 ft apart (Fig. 9). 
When rising river elevations threaten 
to flood any of the pump and well 
units below the top unit, the motor of 
that unit is removed and the pump is 


Low River Stage Pumps 


When the total intake pumping head 
is relatively low, changes in river 
stages frequently cause important total 
intake capacity changes—for example, 
at the St. Louis County Water Co., a 
rise of 20 ft in river elevation will 
cause an almost equal drop in total 
pumping head (under some conditions 
of intake station operation), and an 
increase in capacity of one of the 
pumps from 12 to 18 mgd. Under such 
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conditions of changing river elevations, 
intake design must take into considera- 
tion the loss of pump capacity at low 
river stages. 

One method of compensating for 
this loss of pumping capacity at low 
river stages—that is, high heads—is by 
the installation of a low river stage 
pump which becomes a standby pump 
or even inoperative at high river 
stages. A low river stage pump design 


Fig. 11. Low River Stage Pump of 
St. Louis County Water Co. 


at the St. Louis County Water Co. is 
illustrated in Fig. 10 and 11. 

The St. Louis County Water Co. 
low river stage pump provides addi- 
tional intake capacity between river 


stages of 14 and 36 ft. The center 
line of the pump is at elevation 26. 
When the river stage approaches 36 ft, 
the vertical pump motor is removed 
and the pump is temporarily aban- 
doned to the rising river. A study of 
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a stage-duration curve for the Mis- 
souri River shows that this pump can 
be operated 85 to 90 per cent of the 
time. 


Wells in River Alluvium 


The river alluvium well and similar 
infiltration devices are useful in river 
hottom areas subject to frequent flood- 
ing. These installations take’ water 
from ground water sources adjacent to 
the river channel rather than directly 
from the river. Although the river 
alluvium well is not, strictly speaking, 
a river type intake, the water avail- 
able in the well frequently constitutes 
an adequate water supply because of 
its nearness to the river and is gener- 
ally a more economical source if re- 
quirements are small. Ground wa- 
ter tables are usually appreciably in- 
fluenced by the river water elevation. 
In addition, although the chemical 
characteristics of the ground water are 
not as a rule identical with the water in 
the adjacent river, there is frequently 
a definite, recognizable similarity. The 
river alluvium well and river intakes 
are considered together because the 
designing engineer musi weight the 
advantages and disadvantages of one 
against the other when developing a 
new or added water supply. 

The river alluvium well, if cased suf- 
ficiently high, is not affected by floods, 
moving river channel, ice, and many of 
the other problems common to the true 
river intakes. Water temperatures and 
water characteristics are more uniform 
than in the adjacent river. To deter- 
mine whether the river alluvium well is 
economically sound requires an engi- 
neering study of such factors as water 
treatment and softening, well mainte- 
nance, well yield, well life, and size 
of the well field required. 
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The wells in the alluvial flats of the 
Missouri River bottom at the Weldon 
Springs, Mo., Ordnance Plant are an 
interesting example of a water supply 
developed in a river bottom. Thirteen 
38-in. diameter gravel-wall wells aver- 
aging 100 ft deep to bedrock, drilled 
approximately 1,200 ft apart, delivered 
up to approximately 34} mgd each. 
Four of the wells are approximately 
400 ft from the normal river edge. 
The most distant well is approximately 
4,200 ft from the river. 


Fig. 12. Ranney Collector at 
Kirkwood, Mo. 
The installation is built on the banks of 
the Meramec River which is subject to 
frequent flash floods. 


During the period when the ordnance 
plant was in operation, it was observed 
that the water table in the wells nearest 
the river varied in almost direct pro- 
portion to the water level in the river. 
The water table level changes in the 
more distant wells also corresponded 
to changes in level in the river but 
after a greater time delay. 

Initially the chemical characteris- 
tics of the water from all of the wells 
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were entirely unlike those in the river 
water. The well water was very hard, 
high in iron and carbon dioxide. After 
two years of pumping, however, the 
water in the wells nearest the river had 
characteristics which were similar in 
a number of respects to those of the 
river water. In addition, the water in 
all of the wells was continually chang- 
ing, with a steady decrease in mineral 
and gas content. It was the belief of 
the operators that if the wells had 
remained in continuous service, the 


Power Cable 


3, 


Fig. 13. Submersible Intake Pump in Well 


As pump and motor can be completely 
submerged, construction need not be car- 
ried to elevations above high water. 


ground water would eventually have 
assumed the general characteristics of 
the river water. 

The tops of the well casings were 
above maximum floodwater level; con- 
sequently, the delivery from the wells 
was not hampered by changing river 
conditions, such as floods, low water, 
ice, or shifting banks. The cost of 
the installation is believed to have been 
considerably less than that for other 
types of river intakes suitable for this 
location and of comparable size. 

The Ranney collector (Fig. 12) at 
Kirkwood, Mo., built on the banks of 
the Meramec River, is another ex- 
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ample of a river bottom well which was 
selected as a means of coping with a 
variable stream. The Meramec River 
is subject to frequent flash floods fol- 
lowing heavy rains, and to extreme 
low water levels during periods of 
drought. The frequently changing 
flow in the river also results in ex- 
treme variations in water character- 
istics, some of which occur within a 
few hours. The variable river condi- 
tions—as well as floating debris dur- 
ing floods, floating leaves and algae 
during low water, and ice during 
winter—resulted in the abandonment 
of a pipe strainer intake extending into 
the river at Kirkwood. In its place, a 
Ranney collector was built approxi- 
mately 75 ft from the normal water’s 
edge. This collector consists of a cir- 
cular reinforced concrete caisson 13 ft 
in diameter and 85 ft deep. The bot- 
tom is sealed off with concrete which 
is placed by a tremie, an apparatus for 
depositing and consolidating concrete 
under water. The top is above ex- 
treme high water elevation and even 
though floodwater completely surrounds 
the well, operation is not adversely af- 
fected. Eleven radial, perforated col- 
lector pipes 6 in. in diameter extend 
an average of 100 ft into porous strata 
and serve as ducts to drain the ground 
water into the caisson. 

An average of 1.5 to 2.0 mgd of 
water is pumped from this collector. 
It is estimated to have the capacity for 
delivering several times the present 
daily requirement without presenting 
any of the difficulties experienced with 
the old river intake. 


Submersible Pump Intakes 


The submersible pump and _ intake 
has been successfully applied on streams 
and rivers which flood. Simple shore 
type intake structures are constructed 
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and submersible pumps are installed 
during low water. Inasmuch as pump 
and motor can be completely sub- 
merged, construction need not be car- 
ried to elevations above high water. 
Intakes of this type (Fig. 13) are re- 
ported to have been constructed at 
Grand Forks, and at Drayton, N.D. 
Another similar type is shown in Fig. 
14, 

Small submersible pumps and motors 
can be installed in almost any position 
—vertical, horizontal, or upon an in- 
cline. When river bank conditions per- 


Fig. 14. Submersible Intake Pump in Well 
The submersible pumps are installed 
during low water. 


mit, inclined submersible pumps (Fig. 
15) have many desirable features. The 
pumps can be installed with a minimum 
amount of bank improvement and with- 
out underwater construction by sliding 
the units down an inclined skid during 
low water periods. 


Siphon Well Intakes 


The siphon well intake is a fixed 
shore type of wet pit intake which re- 
ceives its water from the river through 
a siphon line. The siphon intake well 
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Support Member 


Fig. 15. Submersible Intake Pump 
on Incline 
Inclined submersible pumps can be in- 
stalled with a minimum amount of bank 
improvement and without underwater 
construction. 


may even be similar to a ground water 
well in construction, except that the 
bottom of the well is sealed off and the 
water entering and pumped from the 
well is from surface sources. Its chief 
advantage is one of lower first cost 
than other types of fixed shore intakes 
as well drilling methods can be used 
to construct the wet pit. Little con- 
struction is required under water. 
This type of intake is in use at the St. 
Louis County Water Co. in St. Louis 
(Fig. 16), at Eddington, Pa. (Fig. 17), 
and at Rotterdam, Holland (Fig. 18). 
These intakes take water from the Mis- 
souri, Delaware, and Maas Rivers, re- 
spectively. 

One of the siphon intake wells at the 
St. Louis County Water Co. installa- 
tion consists of a 50-in. diameter steel 
well casing placed approximately 50 ft 
from the normal edge of the river. The 
top of the well casing is a few feet above 
maximum high water. The well is 54 
ft deep and is sealed at the bottom with 
a plug of tremie concrete. The deep- 
est part of the well is approximately 
18 ft below minimum low water. River 
water enters the well through a 24-in. 
pipeline connecting the well with the 
river which is the influent side of the 
siphon. The river water is carried to 
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the bottom of the well through the an- 
nular space formed by another casing 
tube, 33 in. in diameter, which is hung 
within the well. This annular space 
between the inner and outer well cas- 
ings, which is sealed to atmosphere at 
the top, is the effluent leg of the siphon. 
The siphon is primed by producing a 
vacuum between the inner and outer 
casings. 

The siphon pipeline is laid a few 
feet above low river water elevation 
until it reaches the river’s edge. At 
the river’s edge the pipeline is dropped 
into the river water through a flexible 
pipeline connection. The entire pipe- 
line was constructed above water dur- 
ing low water periods and resulted in 
important savings in the cost of con- 
struction. 

A 30-in. mixed-flow, well type ver- 
tical pump, powered by a vertical out- 
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Fig. 16. Intake Pump in Siphon Well of 
St. Louis County Water Co. 


The siphon well intake is a fixed shore 

type of wet pit intake which receives its 

water from the river through a siphon 

line. The water level between casings 

varies with vacuum drawn to prime 
siphon. 
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of-door hollow shaft, 150-hp electric 
motor is installed within the well. This 
intake installation is entirely out-of- 
doors and has functioned satisfactorily 
in both winter and summer after cer- 
tain hydraulic design deficiencies were 
corrected. 

Axial and mixed-flow pumps, be- 
cause of their high specific speed, are 
especially sensitive to flow irregulari- 
ties which occur on the suction side of 
the pump even when there is sufficient 
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of capacity or increased horsepower 
requirements. 

These difficulties were encountered 
in one of the siphon intake wells at 
the St. Louis County Water Co. soon 
after pumping operations were begun. 
Model tests of the installation made by 
the pump manufacturer indicated pre- 
rotation and uneven flow into the pump. 
When the pump was taken out of serv- 
ice after a few months of operation, the 
impeller and bowl showed severe cavi- 
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54-in. Diam. Caisson 
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Fig. 17. Intake Pump in Siphon Well in Eddington, Pa. 


Water is taken from the Delaware River. 


submergence. The flow into the pump 
must be uniformly distributed so that 
no portion of the impeller’s inlet area 
is starved for water. Uneven flow dis- 
tribution will cause cavitation, vibra- 
tion, excessive thrust on the shaft and 
bearings, and resulting mechanical 
troubles. In addition, the water enter- 
ing the pump must not be in a state 
of prerotation. When the water is in 
a whirling motion about the pump’s 
axis, there may be an important loss 


tation and the lower bearings and shaft 
sleeves were completely worn out. 
These difficulties were corrected by 
deepening the well so that there was 
longer straight pipe flow after the wa- 
ter made its 180-deg turn and by in- 
stalling straightening vanes. 

The siphon well intake is unaffected 
by flood or low water conditions on 
the river. It is also unaffected by river 
icing. In addition, a very important 
consideration is the ease by which it 
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can be adapted to remote-control opera- 
tion. 


Suspended Types 


The outstanding developments which 
have been made in vertical well type, 
mixed- and axial-flow pumps make pos- 
sible the construction of intakes in 


which pumping units can be suspended 
into the stream. The suspending struc- 
ture may be a bridge or a special high- 
level platform founded on piling. 
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purpose it may be necessary to con- 
struct an outer protecting fender of 
piling. One of the principal disad- 
vantages results from the exposure of 
the pipe and pump column, thus rhak- 
ing it difficult to operate in cold cli- 
mates. The use of electric heating 
to prevent freezing is practical. The 
St. Louis County Water Co. intake 
pipes are wrapped with hot bed-type 
heating wires and are insulated. A 
wattage density of 20 per sq ft is ade- 
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Fig. 18. Intake Pump in Siphon Well in Rotterdam, Holland 
Water is taken from the Maas River. 


Figure 19 shows an intake of the 
Missouri Portland Cement Co. Plant 
at St. Louis on the Mississippi River. 
The three-stage well type pumps are 
suspended from a pier on the barge 
loading dock. The motors are well 
above high water. The pump columns 
are protected by a steel casing com- 
parable to a well casing. 

The advantage of this type of in- 
take lies in its low cost and the elimi- 
nation of costly underwater construc- 
tion. The pump must be protected 
from drift and navigation and for this 


quate. Thus 9 ft of 24-in. pipe can be 
protected with an input of 1 kw. Op- 
erating costs are not important be- 
cause of the short period of subfreezing 
temperatures. In the St. Louis area, 
for example, there are only 314 degree- 
days a year below freezing. Actually 
heating would scarcely be required un- 
less the air temperature is less than 
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The many problems of intakes on 
variable streams have created demands 
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for pumping units of special construc- 
tion and design. Certain types of in- 
takes are predicated on the use of cer- 
tain types of pumps. In others, the 
choice of pumping unit is optional and 
must be based on other considerations. 
Insofar as the pump itself is concerned 
— 


Motors 


High Water 


Pump Column 


Protective Casing 


Low Water 


Optional Setting to 
Avoid Bed Load 
at High Stage 


Direction of Flow 


SE 
=> Ss 


Fig. 19. Suspended Intake of the Missouri 
Portland Cement Co. Plant 
The three-stage well type pumps are sus- 


pended from a pier on the barge loading 
dock. 


from the standpoint of reliability, main- 
tenance, operation, and first cost, no 
pump is better adapted to the many 
problems of intakes on variable streams 
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than the horizontal, split-case, double- 
suction, volute type centrifugal pump 
of low specific speed. When an intake 
design requires the use of other types, 
such as vertical wet and dry well units, 
a saving in initial cost must offset the 
advantages of the horizontal pump. 

The advantages of the wet well types 
of pumps in eliminating uplift and flo- 
tation problems are offset by the higher 
first cost of both pump and motor and 
the difficulties of maintenance. The 
vertical types commonly used have 
axial or mixed flow impellers which 
have high specific speeds. The high 
speed aggravates abrasion problems and 
the need for greater submergence be- 
cause of cavitation considerations, but 
permits the use of a less costly motor. 
This advantage is generally offset by 
the inherently higher cost of vertical 
motors, however. Abrasion and cavi- 
tation difficulties can be minimized by 
the use of special materials in impeller 
and bowl construction. Some success 
has been reported in minimizing abra- 
sion problems by using stainless steel 
applied by metallizing. 

One of the important advantages of 
the vertical type is that the motor can 
be placed as high as desired, thus com- 
pletely eliminating the problem of flood- 
ing of motors and equipment as a re- 
sult of pipeline failures in dry wells. 
This factor may be very important if 
only one intake is available for a mu- 


nicipal supply. 
Conclusions 


Variability of a stream manifests it- 
self in wide variation in water levels, 
shallow depth at low stage, instability 
of bottom and shore line, flood hazard, 
heavy bed loads, excessive drift and 
floating material, and, in cold climates, 
difficulties resulting from floating ice. 
All or some of these manifestations may 
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be present in every intake situation on 
variable streams. A successful instal- 
lation gives proper consideration in its 
design, maintenance, and operation to 
all the difficulties that may arise. Ex- 
perience has shown that the following 
conclusions can be justified. 

1. Intake problems on_ variable 
streams cannot always be solved by 
ponderous structures because: [a] a 
small community or installation cannot 
afford massive structures or major 
channel maintenance work; the 
annual cost of an installation consist- 
ing of massive structures and needed 
channel improvements probably will be 
greater than that for other satisfactory 
installations of less first cost; or [c] a 
massive intake installation is not al- 
ways flexible or amenable to ready 
solution of emergency problems which 
were unforeseeable when it was de- 
signed, 

2. Intakes consisting of pumps on 
barges and on inclined tracks have 
been and can be designed to give re- 
liable, low-cost service. These types 
often offer the best solution to the dif- 
ficulties of exceptional low water and 
flood. They offer welcome relief from 
bed load problems which may cause 
serious pump maintenance difficulties 
in massive fixed intakes. 

3. Careful selection of site may solve 
many of the problems of variable 
streams. 

4. Screening should be held to a 
minimum and should be determined 
only by the possibility of damage to 
pumps and by possible difficulty in the 
purification plant. In general, diffi- 
culty in the purification plant is a 
minor consideration, and the ability of 
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the pumps to pass solids should be the 
determining factor. 

5. In establishing the flood height 
for which the intake is designed, a con- 
siderable margin above record infor- 
mation should be added. Experience 
has shown that such a conservative ap- 
proach is the only safe course. 

6. The extreme low level for which 
the intake must be designed should be 
determined by the same conservative 
approach used in establishing maxi- 
mum flood height. 

7. Maximum operating efficiency re- 
quires consideration of the variability 
of head. A duration curve of stages is 
necessary in the design to make pos- 
sible proper pump selection. 

8. Intake structures must be de- 
signed to resist drift, ice, and the in- 
advertent impact of river craft. 

9. Riparian rights may have a bear- 
ing on intake design. A_ permit 
may be necessary from governmental 
agencies. 

10. The improvements which have 
been made in pumps and the develop- 
ment of wet well, vertical, and sub- 
mersible types in recent years broaden 
the scope of intake design. Certain 
types offer natural low cost solutions 
to some problems. 

11. Gravel-packed wells or hori- 
zontal collector type infiltration sys- 
tems in the river alluvium may offer 
economical solutions to difficult intake 
problems, provided purification prob- 
lems which increase the total overall 
annual cost are not created. 

12. Careful consideration must be 
given in design and pump selection to 
cavitation, abrasion, and pump con- 
struction. 
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Developments in Tests of Coatings for Steel Pipe 
By Graydon E. Burnett and Charles B. Masin 


A paper presented on May 7, 1952, at the Annual Conference, Kansas 
City, Mo., by Graydon E. Burnett and Charles B. Masin, Engrs., 
Design and Construction Div., U.S. Bureau of Reclamation, Denver, 


Colo. 


UBSTANTIAL improvements have 
been made in recent years in coat- 

ing protection for steel pipe. If the 
proper materials are used and care is 
taken in their application, there is 
reasonable assurance that steel water 
pipe will have long life in most condi- 
tions of use. This does not mean, how- 
ever, that there is no room for further 
progress. First, it is always possible 


that as good or better results might be 


obtained at less cost, and, second, im- 
provements are still needed in coatings 
for steel pipe in certain exposures. 
For these reasons, the U.S. Bureau of 
Reclamation is continuing a program of 
protective-coating investigations in the 
laboratory and in the field. 

This paper discusses some of the 
more recent developments in bureau 
tests of coatings for steel pipe. It is 
hoped that the data will be helpful in 
the discovery of complete and economi- 
cal protection for steel pipe under all 
conditions of use. 


Shasta Dam Penstock Tests 


Before the Shasta Dam tests were 
started, the bureau had determined, 
from 6-year tests starting in 1940 in 
outlet pipes of Grand Coulee Dam, 
that coal-tar enamel, CA-50 coal-tar 
paint, and a vinyl-resin paint provided 
durable linings for steel water pipe. Of 


these materials, coal-tar enamel had the 
longest service background and accord- 
ingly it has since been used most exten- 
sively by the bureau. 

During and immediately after World 
War II, numerous new coating ma- 
terials appeared, several of which looked 
promising in laboratory tests, for the 
protection of steel pipe. Consequently, 
it was decided to include these coatings 
and certain others recommended by 
manufacturers in a new service test in 
one of the 15-ft diameter penstocks of 
Shasta Dam. The prime purpose was 
to evaluate the serviceability of the new 
products in penstocks, but the data are 
also applicable to other steel water pipe 
and to submerged steel in general. 

In June 1949 twenty different coat- 
ings were applied in 26 different sys- 
tems to 160 linft of the interior of 
Penstock 5 of Shasta Dam. Most of 
the materials were furnished by par- 
ticipating manufacturers and were 
either applied by company representa- 
tives or else the application was wit- 
nessed by them. Cold-applied coatings 
included paints with phenolic, vinyl, 
vinyl-thiokol, vinylidene-acrylonitrile, 
treated fish oil, synthetic rubber, and 
coal-tar bases. Among the hot appli- 
cations were catalytically blown asphalt 
applied by hand daubing and micro- 
crystalline wax applied by liquid spray. 
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A phenolic plastic, thiokol, and zinc 
metal were applied by flame spray. 
Coal-tar ‘enamel was applied by hand 
daubing to the penstock exclusive of 
the test area. 

Great care was taken to see that ap- 
plications were made properly. The 
steel surfaces were thoroughly sand- 
blasted to remove all rust and mill 
scale. Coatings not actually applied 
by manufacturers’ representatives were 
applied in strict accordance with the 
manufacturers’ instructions. In the few 
tests for which instructions were lack- 
ing, the coatings were applied in ac- 
cordance with the best judgment of 
bureau engineers. 

The last inspection of the coatings 
was made in October 1951, after the 
penstock had been in nearly continuous 
service for 2 years and 4 months. Al- 
though this period is not long for a 
test of this type, significant results were 
already apparent. As indicated in 
Table 1, eight of the twenty coatings 
showed no rust spots or film defects 
and were classified as Class A coatings. 
Five showed only a few rust spots and 
were placed in Class B. Four showing 
numerous rust spots were placed in 
Class C, and three coatings permitting 
extensive rusting were classified as D. 

Phenolic and vinyl-resin paints are 
predominant in Class A. One vinyl 
paint is in Class C, but it is felt that 
this paint was applied too thinly for the 
type of pigmentation used. The cur- 
rent high regard of many coating engi- 
neers for phenolic and vinyl paints in 
underwater service therefore seems to 
be verified. Flame-sprayed thiokol 
also is in Class A. As yet there is no 
evidence that these coatings will prove 
superior to coal-tar enamel, which is in 
excellent condition in the remainder of 
the penstock—for example, CA-—50 
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coal-tar paint, which is known to be less 
durable than coal-tar enamel, is still in 
Class A in these tests. Nevertheless, 
these coatings look very good and some 
may be better suited than coal-tar 
enamel as a lining for steel pipe in cer- 
tain exposures, especially extreme cold. 

In the vinyl-thiokol group, one coat- 
ing, although placed in Class B because 
of a few rust spots in the invert, is 
practically in Class A. Another vinyl- 
thiokol coating was applied in both 
medium and thick films. The medium 
coating falls in Class C, whereas the 
thicker film is in Class B, thus empha- 
sizing the importance of obtaining ade- 
quate film thickness. 

The catalytically blown asphalt, Class 
B, was in very good condition in Oc- 
tober 1950, at which time it exhibited 
only a superficial surface checking. At 
the October 1951 inspection, the sur- 
face checking was severe, although the 
coating was still very plastic. Pinhole 
rusting has developed where holidays 
in the coating were not patched. This 
condition is not considered a defect, 
however, because material of this type 
normally is holiday detected and 
patched. 

The flame-sprayed phenolic plastic, 
Class B, is beginning to show definite 
signs of film degradation. The coating 
is blotchy, and widely spaced surface 
checks are evident. The cold-applied 
self-curing rubber coating, also Class 
B, has developed pinhead blistering in 
some areas, and there are a few rust 
spots in the invert. In October 1950 
this coating was in Class A but showed 
indications of poor adhesion that might 
affect its ultimate durability. An iden- 
tification card was secured to each 
coating with scotch tape before photo- 
graphing. In pulling the card away, 
the tape lifted the rubber coating. 
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Type of Coating* 

Ist | 2nd 3rd | 4th 
Coal-tar paint (CA-50) Finish | Finish Finish 
Cold-applied asphalt paint Finish | Finish Finish 
Vinyl-resin paintt Prime Body No. 1} Body No. 2| Body No. 1 
Vinyl-resin paintt Wash prime) Prime Body No. 1| Body No. 2 
Neoprene paintt Prime | Prime Body Body 
Neoprene paintt§ Prime Prime 
Vinyl-thiokol paint Prime Prime Finish Finish 
Vinyl-thiokol paint Finish Finish Finish Finish 
Wax-cellulose paint || Prime Finish Finish 
Wax-cellulose paint || Finish Finish 
Zinc in inorganic vehicle (flamed)# Finish Finish 
Zinc in inorganic vehicle (flamed)# Finish 
Microcrystalline wax|| Finish Finish 
Microcrystalline wax\| Prime Finish Finish | 
Cement mortar** 
Preshrunk cement mortar** 
Coal-tar enamel, 1} penetrationft Prime 
Coal-tar enamel, 2 penetrationtt Prime 
Coal-tar enamel, 3 penetrationtt Prime 
Coal-tar enamel, 4 penetrationft Prime 
Coal-tar enamel, 5 penetrationtt Prime 
Coal-tar enamel, 6 penetrationft Prime 
Coal-tar enamel, 7 penetrationff Prime 
Coal-tar enamel, 9 penetrationtt Prime 
Coal-tar enamel, 10 penetrationtt Prime 


* Coatings are not listed in order of preference. 
t+ Same coating over different surface treatments. 


t Same coating applied in medium and thick films. 


§ Twelve body coats. 


Of the Class C coatings not discussed 
thus far, the coal-tar emulsion shows 
pinhole rusting in both arch and invert ; 
the microcrystalline wax is starting to 
check and is rust spotted at and below 
the spring line ; and the zinc chromate— 
fish oil coating is rust spotted and 
blistered, especially in the invert. The 
wax, although inherently a very mois- 
tureproof material, was difficult to ap- 
ply in a uniform film. The coal-tar 
emulsion might have special applica- 
tion for surfaces that cannot be thor- 
oughly dried for painting with more 
effective materials. The zine chro- 


mate-—fish oil system was applied after 
the sandblasted surface had been per- 
mitted to rust slightly at the request of 
the manufacturer. It was the thinnest 
of all organic coatings applied in this 
test and would likely have fared better 
if the manufacturer had recommended 
application in a thicker film. 
In the Class D coatings, the vinyli- 
dene-acrylonitrile emulsion failed in 4 
months. The sprayed zinc powder also 
failed in 4 months, but this failure is 
believed to have resulted from inade- 
quate thickness. The failure of the 
zinc-wire metallized coating is difficult 
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TABLE 2 (contd.)—Performance of Linings in Shadow Mountain Low-Temperature Tests 


Average Sub- 


merged 
Expo- 
sure 


months 


Coats (contd.) 


Atmos- 
pheric 


No defects. 
No defects. 
No defects. 
No defects. 
No defects. 
No defects. 
No defects 
No defects 
No defects. Exposed to —41 F 

Rust spotting. Exposed to —41 F 

No defects 

Rust spot 1 sq ft in area 

Cracking and disbonding at —41 F 
Cracking and disbonding at —25 F 
Shrinkage, cracking, and disbonding 
Several hairline cracks. Coating bonded 
General cracking, 72% disbonded at —41 F 
General cracking, 38% disbonded at —41 F 
General cracking, 32% disbonded at —41 F 
General cracking, 18% disbonded at —41 F 
General cracking, 1% disbonded at —41 F 
Hairline cracking, 0% disbonded at —41 F 
Hairline cracking in arch only at —41 F 
No defects. Exposed to —41 F 

No defects. Exposed to —41 F 


Exposed to —41 F 
Exposed to —41 F 
Exposed to —41 F 
Exposed to —41 F 
Exposed to —41 F 


Exposed to —41 F 


!! Same coating applied over primed and unprimed steel. 
Same coating applied in one and two coats. 

** One coat built up with trowel. 
tt Finish coat built up by shingling with hand daubers. 


to understand. The worst rusting oc- 
curred in the thinner portions of the 
coating, yet even the minimum thick- 
ness in the range from 7 to 15 mils, as 
applied, should have been adequate for 
this length of service. 


Low-Temperature Tests 


The provision of durable protection 
against corrosion of the interior of wa- 
ter-bearing steel pipe that is empty and 
exposed to subzero temperatures dur- 
ing the winter months is a difficult and 
ever-present problem of the Bureau of 
Reclamation. 


Coal-tar enamel on the interior of 87- 
in. diameter discharge pipe sections at 
Granby Pumping Plant, Colo., cracked 
and disbonded when subjected to tem- 
peratures ranging down to — 38 F. A 
cement-mortar lining in the exposed 
Shoshone River Siphon, near Cody, 
Wyo., was in distressed condition af- 
ter service through one winter with 
temperatures as low as — 31 F. Mi- 
crocrystalline wax on the interior of a 
30-in. diameter, steel pipe flume near 
Lyman, Neb., cracked and disbonded 
in near-zero temperatures, even though 
laboratory tests indicated that it would 
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stay bonded to steel at the extreme low 
temperatures encountered in northern 
projects. 

After the poor correlation of labora- 
tory tests with the field application of 
microcrystalline wax, it was decided 
that the answers to finding suitable pro- 
tection for the interior of steel pipe ex- 
posed to low temperatures would come 
only from tests conducted under field 
conditions. 


Fig. 1. Low-Penetration, Coal-Tar Enamel Pipe Lining Before Exposure 


Penetration values of 13, 


Starting in February 1950, various 
linings were applied in Denver to the 
interior of 30-in. diameter, steel pipe 
sections. The surfaces were prepared 
by thorough sandblasting to base 
metal, except that cement mortar was 
applied to power wire-brushed surfaces. 
Among the cold-applied materials were 
paints with coal-tar, asphalt, wax-cellu- 
lose, vinyl, vinyl-thiokol, and neoprene 
bases, and zinc powder in an inorganic 
vehicle. The hot-applied linings were 
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hand-daubed coal-tar enamel having 
penetrations 14 through 10 (ASTM 
D-5) as applied, and microcrystalline 
wax. The two cement-mortar linings 
were also applied by hand. 

The lined pipe sections were trans- 
ported to Shadow Mountain Reservoir, 
more than 8,000 ft above sea level, near 
Grand Lake, Colo. Here the sections 
are set out horizontally, supported off 
the ground on skids, and exposed to 


2,3, and 4 are shown. 
low atmospheric temperatures during 
the winter. The ends of each section 
are covered with canvas to prevent un- 
due air movement and contamination. 
During the warmer months of the year, 
the sections are submerged in the in- 
let canal to Shadow Mountain Reser- 
voir. Thus, both low-temperature sus- 
ceptibility and  corrosion-preventive 
data are being obtained. Most of the 
linings were subjected to temperatures 
down to — 41 F during the winter of 


% 
i 
sagt 
, 
| 
Hee 


Oct. 1952 


1950-51. Some linings were not ap- 
plied until the summer of 1951. 

Detailed information on the Shadow 
Mountain tests is given in Table 2. 
The coatings are listed by general types, 
and each system is identified as to num- 
ber and type of coats and final dry- 
film thickness. In addition, the total 
time of submerged exposure and total 
time of atmospheric exposure up to 
October 1951 are given for each 
system. 

Coal-tar paint (CA-50), asphalt 
paint, vinyl-resin paint with and with- 
out a wash prime, neoprene, and the 
wax-cellulose paint were unaffected by 
temperatures as low as —41F. The 
vinyl-thiokol paints and the zine in in- 
organic vehicle had not yet been ex- 
posed to winter temperatures. The 
importance of obtaining adequate film 
thickness is again demonstrated. The 
8-mil coating of the wax-cellulose paint 


has permitted rust spotting, and the 


17-mil coating has not. Similarly, the 
1.5-mil zinc—inorganic vehicle coating 
has permitted rusting, and the 3-mil 
coating has not. It is also apparent 
that critical thickness varies with dif- 
ferent types of coatings. 

The microcrystalline-wax lining be- 
came generally disbonded when applied 
either directly to metal or over a prime 
coat. The first cement-mortar lining 
deteriorated from drying shrinkage; 
however, a preshrunk, air-entrained 
mortar applied later is still in excellent 
condition. A regular improvement in 
performance of coal-tar enamel, when 
subjected to a temperature of — 41 F, 
occurred with increase in plasticity as 
measured by the penetration test. 
Thus, 1}-penetration material was 72 
per cent disbonded; 5-penetration 
enamel was only | per cent disbonded ; 
and 9- and 10-penetration material was 
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completely unaffected. Figures 1 and 
2 show the condition of the low-pene- 
tration coal-tar enamel as applied and 
after exposure to a temperature of 
—41F. Penetration values are painted 
on the enamel. Disbonded and cracked 
areas are visible in the arch of pipe, 
and enamel in areas of lowest penetra- 
tion has fallen completely away from 
the pipe and is lying in the invert. 

These results on coal-tar enamel sup- 
port the Bureau of Reclamation specifi- 
cations requirement for a minimum 
penetration of 7, as applied to the pipe, 
when the enamel will be exposed to 
cold. By starting with 15—20-penetra- 
tion material (provided for in specifi- 
cations AWWA C-203 and C-204 for 
enamel exposed to temperatures be- 
tween 20 and — 20F), and by prop- 
erly controlling the heating operation, 
an average penetration of approxi- 
mately 10 is obtained from a batch. 
Only the last bucket or two of enamel 
withdrawn from the heating kettle ap- 
proaches 7 penetration. Even this 
minimum-penetration enamel is ex- 
pected to perform satisfactorily at a 
low of — 20 F. 

Various exterior coatings are also 
under test on these pipe sections, but 
no significant results are apparent as 
yet. The tests will be continued to de- 
termine the effect of repeated cycles 
of low-temperature and submerged ex- 
posures on both the linings and coat- 
ings. 


Buried-Pipe Tests 


Laboratory tests are being conducted 
to provide information on the behavior 
of various exterior pipe coatings and 
wraps in clay soil subject to alternate 
wetting and drying, and on their rela- 
tive resistance to puncture by rocks in 
backfill. 


ig 
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Fig. 2. Low-Penetration, Coal-Tar Enamel Pipe Lining After Exposure 
The pipe was exposed to a temperature of —41F. The low penetration values, 14 


and 2, are shown on the end of the pipe nearest the camera. 
penetration area has fallen completely away from the pipe. 


Enamel in this low- 
The higher values, 3, 4, 


and 5, are shown at the other end of the pipe. 


The coatings have been placed on sec- 
tions of steel pipe of 34-in. OD and 
18 in. long. There are twelve speci- 
mens of machine-applied coal-tar en- 
amel coatings with various combina- 
tions of inner reinforcing and outer 
wraps or treatments. On some speci- 
mens the enamel, as applied, had a pene- 
tration of 4, while on others the pene- 


tration was 7 or 8. Other specimens 
have coatings of asphaltic enamel with 
and without felt wrapping, cold-ap- 
plied coal-tar paint, cement mortar, and 
cold- and hot-applied tape wraps. Two 
specimens have coatings of plasticized 
gilsonite, differing in inner reinforce- 
ment but having the same outer wrap- 
per are included. There is also in- 
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cluded one wrapped microcrystalline- 
wax specimen. 


Soil Test 


The soil test is being carried out in 
a wooden box, 1 x 3 x 94 it, lined with 
galvanized sheeting. A bank of infra- 
red lamps is placed above the box to 
accelerate drying of the clay by uni- 
form heating of the surface. A 2-in. 
layer of gravel is in the bottom of the 
box and over this is a 2-in. layer of 
clay. The test specimens are placed on 
this clay mat and their tops are cov- 
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107 F and at the bottom of the pipe 
from 77 to 94 F. Tight-fitting wooden 
plugs were driven into the pipe ends 
and the ends were then sealed with coal- 
tar enamel, CA-50 coal-tar paint, or 
microcrystalline wax, depending on the 
type of coating. 

The clay, thoroughly dry and ex- 
tensively cracked after the 2-week dry- 
ing period, is broken up by light tap- 
ping with a hammer and then lifted 
away in segments from the test speci- 
mens, which are cleaned for examina- 
tion by soaking in water and scrubbing 


Fig. 3. Specimen Arrangement in Clay Soil Box 


ered to a depth of 2 in. with clay slurry. 
This slurry is prepared by crushing 
the clay in a 6 X 6-in. jaw crusher and 
mixing with water in an agitator- 
equipped tank. After the slurry has 
set for 2 days, the infrared lamps are 
turned on for a 12-day period. During 
this 2-week drying period, air is cir- 
culated over the surface of the clay by 
an electric fan. The surface tempera- 
ture of the clay ranges from 83 to 112 F 
during this time. The temperature at 
the top of the pipe ranges from 82 to 


witha brush. Figures 3 and 4 show the 
pipe arrangement in the soil box and 
the appearance of the clay at the end 
of the drying cycle. 

The clay is of the type commonly 
known as “lean” and is not considered 
to have exceptionally severe expansion 
or contraction characteristics. It has 
a liquid limit of 40.4, plasticity index 
of 21.1, and a shrinkage limit of 14.6. 
Its corrosion index (Corfield test) is 
1.99, which is in the moderate range of 
corrosivity. 
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Indentation Test 


The test used to evaluate the resist- 
ance of coatings to puncturing by rocks 
in backfill is called an “indentation” 
test. In this test the coatings are sub- 
jected toa load of 6.48 Ib bearing on 
0.049 sqin., the cross-sectional area 
of the rod. This load corresponds to 
a pressure of 132 psi. The total load is 
equivalent to the weight of a rock ap- 
proximately 5 in. in diameter. The 
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demonstrates the relative resistance to 
indentation of various coatings under 
fixed loading conditions, it is believed 
that the results are indicative of what 
could happen under field conditions. 
The indentation tests were made on 
specimens prepared similarly to those 
used in the soil stress tests. The tests 
were conducted in an atmosphere con- 
trolled to 73.5 F and 50 per cent rela- 
tive humidity. The extent of penetra- 


Fig. 4. Condition of Clay After Drying in Soil Box Test 
The clay is thoroughly dry and extensively cracked after the 2-week drying period. 


indentation test apparatus is shown in 
Fig. 5. 

Depending upon the shape of the 
rock and how well the backfill has been 
placed, the contact pressure may be 
considerably higher than the average 
backfill pressure. It is conceivable that 
this test condition could be duplicated 
in the field by a 2- or 3-in. rock bear- 
ing directly on the coated pipe surface. 
Therefore, although this test actually 


tion was read daily from a scale on the 
rod until no additional change was ap- 
parent for several days. The indented 
area was then electrically detected to 
determine whether or not damaging 
perforation of the coating had occurred. 

Table 3 describes the coating systems 
by general types and gives coating 
thicknesses and results of the 10,000-v 
electrical flaw detection at the end of 
the tenth cycle, Several coatings ex- 
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posed to less than ten cycles are so des- 
ignated. The defects found at the end 
of the last cycle are described. The re- 
sults of 10,000-v electrical detection on 
areas subjected to the indentation test 
are also listed. 

Coal-tar enamel coatings, regardless 
of penetration, applied without rein- 
forcement or wrap, were deeply fissured 
in the first cycle of wetting and drying 
in the clay soil test. They failed elec- 


STEEL PIPE COATING TESTS 


903 


the indentation test. Inasmuch as the 
whitewash was removed in handling, 
it was renewed after each cycle. This 
practice would not be followed in ac- 
tual service. It is apparent that white- 
wash provides a temporary protection 
against soil stress, but the effect could 
not be expected to be permanent. 

The condition of 8-penetration coal- 
tar enamel covered with bonded crinkle 
kraft paper wrap, as shown in Fig. 7, 


Fig. 5. Indentation Test Apparatus 


This test is used to evaluate the resistance of coatings to puncturing by rocks in backfill. 
Coatings are subjected to a load of 6.48 lb bearing on 0.049 sq in. 


trical detection in both the soil stress 
test and the indentation test. Figure 
6 shows the condition of an 8-penetra- 
tion, coal-tar-enamel coating initially, 
and at the end of various cycles. 
When coal-tar enamel was covered 
with whitewash, only slight surface 
checking of the enamel developed. The 
specimen passed electrical detection af- 
ter ten cycles in the soil test but failed 


indicates that tiie paper also provides 


temporary protection. Most of the pa- 
per has been removed by action of the 
soil after ten cycles, and it is expected 
that deterioration of the enamel, to 
which the clay from now on will bond 
more firmly, will be more rapid in fu- 
ture cycles. Much of the enamel bead 
at the kraft overlap is disbonded. 
There are cracks under the disbonded 
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bead, and in these areas the coating 
failed to pass the holiday detection test. 
The specimen passed detection after 
indentation. 

Coal-tar enamel of 7 penetration 
with a bitumen-saturated glass-core 
outer wrap had approximately 60 per 
cent of the bitumen peeled off to the 
glass core. Again, much of the rounded 
enamel bead had disbonded. In an- 
other coal-tar enamel specimen, a glass 
reinforcing mat was introduced into 


Initial 1 Cycle 
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1. Coal-tar enamel specimens of 4 
and 7 penetration with bonded asbestos 
felt wraps. The enamel beads were 
flattened on both specimens by crinkle 
kraft paper applied over the felt, but 
the kraft, being bonded only at the 
beads, was removed before soil stress 
tests and indentation tests were started. 
The coating equipment was not fully 
in adjustment during the coating of the 
7-penetration specimen, and enamel 
beads were not formed at the felt laps 


6 Cycles 10 Cycles 


Fig. 6. Unprotected 8-Penetration Coal-Tar Enamel Coating 
The coating shows severe disruption at the end of 10 cycles. 


the system and crinkle kraft paper was 
applied over the giass-core outer wrap. 
Both specimens passed the detection 
test after ten cycles in the soil box. 
The outer wrap alone failed to pre- 
vent indentation, but when the reinforc- 
ing glass mat was present, the system 
passed the indentation test. 

All of the following coal-tar enamel 
coatings passed the 10,000-v detection 
test after the tenth wetting and drying 
cycle in clay soil, and also satisfac- 
torily resisted the indentation test: 


throughout most of the specimen. 
Also, at one end, the felt was not prop- 
erly bonded to the enamel. The soil 
stresses disrupted the felt where it was 
not bonded to the enamel and there was 
some disruption in areas of the overlap 
where no beads were formed (Fig. 8). 
When the felt was well bonded and a 
flattened bead developed on the 4- 
penetration specimen, however, there 
was no significant distress (Fig. 9). 

2. Glass-mat reinforced, 7-penetra- 
tion coal-tar enamel with a bonded 
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6 Cycles 10 Cycles 
Fig. 7. Crinkle Kraft—wrapped, 8-Penetration Coal-Tar Enamel 


Cracks to the bare metal have formed at the overlaps. 


1 Cycle’ 6 Cycles 10 Cycles 
Bonded, Asbestos Felt—wrapped, 7-Penetration Coal-Tar Enamel 
The felt shows disruption where poorly bonded. 
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Initial 1 Cycle 6 Cycles 10 Cycles 
Fig. 9. Bonded, Asbestos Felt—wrapped, 4-Penetration Coal-Tar Enamel 
There was no significant distress, as the felt was well bonded and properly beaded. 


Initial 1 Cycle 6 Cycles 10 Cycles 
Fig. 10. Glass-reinforced 7-Penetration Coal-Tar Enamel With Crinkle Kraft Wrap 
Ther 
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Initial 1 Cycle 6 Cycles 10 Cycles 
Fig. 11. Unprotected Asphalt Enamel 


Severe disruption and exposure of bare metal occurred by the end of 10 cycles. 


! 


1 Cycle 6 Cycles 10 Cycles 
Fig. 12. Vinyl, 20-mil Tape 
This material was practically unaffected after 10 cycles. 
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kraft wrap. Approximately half of the 
bead at the kraft overlap had become 
disbonded in ten cycles of soil stress. 
There were cracks, but no holidays, 
under the disbonded bead (Fig. 10). 
Apparently the glass-mat reinforce- 
ment is effective in preventing crack- 
ing through to base metal. 

3. Glass-mat reinforced, 4- and 7- 
penetration coal-tar enamel specimens 
with asbestos felt and kraft wraps. 
There was no deterioration of felt or 


Initial 
Fig. 13. 


1 Cycle 
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matically. One longitudinal hairline 
crack developed in the mortar through- 
out the length of the specimen. White- 
pigmented curing compound was ap- 
plied over the cement mortar. 


A review of the preceding results on 
coal-tar enamel coatings indicates that 
soil stress has a severe effect on un- 
protected coal-tar enamel coatings of 
either 4 or 7 penetration. A _ well- 
bonded felt wrap appears to preserve 


6 Cycles 10 Cycles 


Microcrystalline Wax With Wax-impregnated Laminated Wrapper 


Approximately 5 per cent of the raised bead was disbonded and some of the threads 
in the wrapper were disrupted. 


of the flattened beads at the felt over- 
laps. The loosely bonded kraft paper 
deteriorated in the first few cycles. The 
one place where a bead was not formed 
on the 7-penetration, glass-mat re- 
inforced, coal-tar enamel specimen 
showed slight disruption of the felt. 

4. Coal-tar enamel, 8-penetration, 
with a j-in. coating of wire-mesh rein- 
forced cement mortar applied pneu- 


the integrity of enamel coatings in 
wetting and drying clay soil. The tests 
indicate that the felt and felt laps must 


be well bonded. Rounded beads at the 
laps of wrappings are readily disrupted 
and may cause weakening of the coat- 
ing. Beads should be flattened by a 
final application of kraft paper. Dis- 
ruption of enamel appears to be halted 
by glass-mat reinforcement. 
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Asphalt enamel with and without 
felt wrap acted in a manner similar to 
its coal-tar enamel counterpart, except 
that the unwrapped asphalt coating 
showed more extensive deterioration 
and permitted greater exposure of metal 
(Fig. 11). When protected with as- 
bestos felt, the asphalt enamel per- 
formed _ satisfactorily. | Cold-applied 
coal-tar paint, CA—50, showed holidays 
after both soil stress and indentation 
tests. It cracked and alligatored in the 
soil test, exposing the metal in numer- 
ous places. A reclaimed-rubber tape 
applied over a special primer was 
wrinkled and cracked after five cycles 
and failed detection after both soil 
stress and indentation tests. 

All of the following coatings and 
tapes passed detection after both soil 
stress and indentation tests and, at this 
stage of testing, appear to offer effec- 
tive protection for buried steel pipe : 

1. Wire-mesh reinforced cement 
mortar applied directly to bare metal. 
Several hairline cracks developed in 
the mortar. The specimen was coated 
with white-pigmented sealing compound 
for curing. 

2. A coal-tar enamel tape wrap with 
a glass core, flame softened and hand 
wound over coal-tar primed and coal- 
tar enameled surfaces representative of 
a pipe joint. The tape showed moder- 
ate surface wrinkling and disruption. 

3. Polyethylene tape, 10 mil, double- 
wrapped cold over three types of sur- 
faces—sandblasted, coal-tar primed, and 
coal-tar enameled. The tape showed 
only very slight, localized wrinkling, 
which was not progressive. Similar 
results were obtained with a vinyl, 20- 
mil tape (Fig. 12). 

4. Microcrystalline wax with a wax- 
impregnated laminated wrapper. Ap- 
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proximately 5 per cent of the raised 
bead was disbonded (Fig. 13). Also, 
some of the threads of the tobacco cloth 
in the wrapper were disrupted. The 
manufacturer advises that the tobacco 
cloth is used mainly to provide strength 
for the wrapper during the applica- 
tion. Similar results were obtained 
with two plasticized gilsonite speci- 
mens, one with and one without glass- 
mat reinforcement, but both provided 
with a microcrystalline wax impreg- 
nated, laminated outer wrap. 


Summary 


1. Of the various types of coatings 
under test as linings for steel water 
pipe, phenolic, vinyl, thiokol, vinyl- 
thiokol, and neoprene materials ap- 
pear to offer the best possibilities. The 
neoprene and flame-sprayed thiokol 
linings may frequently be too expen- 
sive and time-consuming for application 
to steel pipe. The phenolic, vinyl, and 
vinyl-thiokol paints are competitive in 
price with coal-tar enamel, and are 
sometimes less expensive. In addi- 
tion, they are unaffected by extreme 
cold and would generally be easier to 
apply in the field. At this time there is 
no evidence that any of these coatings 
will prove more durable than coal-tar 
enamel in the usual exposures that are 
encountered. 

2. The low-temperature (— 41 F) 
field exposure tests have shown that 
coal-tar enamel linings must be plastic 
to withstand cracking and disbonding 
in cold weather. Enamel of 9-10 pene- 
tration as applied resisted — 41 F. En- 
amel of 7 penetration was slightly dam- 
aged at — 41 F but will probably with- 
stand —20F. The harder the en- 


amel is below 7 penetration, the more 
certain it is that it will crack and dis- 
bond in cold weather. 
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3. In formulating cement mortar as 
a lining material, it is important to 
provide against drying shrinkage un- 
less the lining is to be kept continu- 
ously wet in service. Success in this 
direction has been realized by employ- 
ing an air-entraining agent and pre- 
shrinking the mortar before applying. 

4. A substantial wrapping over coal- 
tar enamel is indicated to be essential 
to long-life protection in clay soils. 
Wrapping is probably a worth-while 
safeguard for most buried pipe regard- 
less of soil conditions, because, if wet- 
ting and drying soil stress does not 
damage the unprotected coating, it is 
still vulnerable to puncturing by rocks 
or hard clods under the weight of back- 
fill. It is important that the wrapper 
be completely bonded to the hot enamel 
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to avoid disruption by soil stress. It 
is also important to form a bead at the 
overlaps and to flatten the bead with 
a kraft paper wrapping. Otherwise, 
soil stress will disrupt the wrap at the 
overlaps. 

5. The new cold-applied vinyl and 
polyethylene tapes appear to be satis- 
factory for protecting buried pipe and 
would seem especially appropriate for 
use on welded field joints. 
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ITHIN the last four years, the 
commercial production of an en- 
tirely new foundry product was begun 
and has now grown to the status of a 
commercially available material. It is 
the purpose of this paper to present 
some of the features of this product, 
variously known as ductile iron, 
magnesium-containing iron, spheroidal 
graphite iron, and, occasionally, nodu- 
lar iron. The product was first dis- 
cussed in May 1948 by Wickenden 
(1). The product was announced to 
the foundry industry in Feb. 1949 (2), 
and patents were granted on Oct. 5, 
1949 (3). 

A piece of high-carbon steel (SAE 
1095 drill rod) approximately 4 in. 
round can be used to illustrate roughly 
the essential difference between duc- 
tile iron and gray iron (4). When 
this piece of steel is struck by a swing- 
ing hammer, no failure occurs even at 
the full capacity of the hammer, which 
supplies 220 ft-lb of energy. The same 
piece of steel with a small notch in it 
will react differently. The hammer 
breaks the high-carbon steel employed 
in this test with an energy expendi- 
ture of 3 ft-lb. These tests show a 
ratio greater than 70:1 between the 
notched and unnotched specimen. The 
second piece behaved in a brittle man- 
ner because of the presence of the 
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notch, even though both samples had 
the same chemical composition. 


Internal Structure 


Photomicrographs of the internal 
structure of gray iron and ductile iron 
are shown in Fig. 1 and 2. The in- 
ternal structure of the metal illustrates 
the difference between gray iron—in- 
cluding high-strength gray iron, some- 
times called semisteel—and_ ductile 
iron. It may be observed that the very 
weak graphite constituent appears in 
gray iron (Fig. 1) as a semicontinuous 
network of flakes. In other words, the 
graphite flake may be likened to the 
notch in the high-carbon steel speci- 
men previously described. Because of 
the large surface area of the graphite 
flake and its semicontinuous nature, 
the path of fracture, or the crack, ac- 
tually will follow these flakes. The 
appearance of the graphite on the face 
of the resulting fracture surface is 
what has given this iron the name 
“gray iron.” 

The weak graphite constituent of 
ductile iron (Fig..2) appears as iso- 
lated spheroids in a continuous matrix. 
The fracture of the ductile iron, as it 
cannot follow any continuous path of 
graphite, resembles the fractured sur- 
face of a coarse-grained steel. It is 
not difficult to predict what effect this 
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difference in graphite form and dis- 
tribution will have on the physical 
characteristics of the casting. 


Properties 


Not only does the notching effect of 
the graphite flake make it impossible 


Fig. 1. 


DUCTILE IRON 913 


larly produced with a tensile strength 
minimum of 50,000 psi, and strengths 
in excess of 75,000 psi have been meas- 
ured. An elongation of 0.5 per cent 
has sometimes been measured in gray 
iron, but the failure is brittle in the 
sense that there is no flow of metal or 


Microstructure of Cast Gray Iron Containing Flake Graphite 


The very weak graphite constituent appears as a semicontinuous network of flakes. 
A magnification of 750 < was used. 


to obtain more than 0.5 per cent elon- 
gation in gray iron, but it also low- 
ers the tensile strength as compared 
with iron having spheroidal graphite. 
High-strength gray iron is being regu- 


permanent plastic deformation before 
breakage occurs. In contrast, an iron 
containing spheroidal graphite is be- 
ing consistently produced to a mini- 
mum tensile strength specification of 
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60,000 psi with an accompanying mini- 
mum elongation of 10 per cent. At 
strength levels in this range, elonga- 
tions up to 25 per cent have been re- 
corded. By quenching and drawing, 
tensile strengths approaching 200,000 
psi have been obtained (5, 6). 
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Ductile iron will vary in hardness in 
the as-cast condition depending upon 
the analysis of the iron and the cooling 
rate or section size. Figure 4 (8) is 
representative of the average proper- 
ties of a large number of test bars. As 
the hardness increases, the strength in- 


Fig. 2. Microstructure of Ductile Iron Containing Spheroidal Graphite 


The weak graphite constituent appears as isolated spheroids in a continuous matrix. 
A magnification of 750 X was used. 


Figure 3 illustrates the ductility of 


iron containing spheroidal graphite 
(7). These specimens are approxi- 
mately } in. square and were ma- 
chined from the wall of an 8-in. duc- 


tile-iron pipe. 


creases, and the elongation droj s. The 
analyses tested covered a wide range 
of carbon and silicon. Usually the 
phosphorus content was less than 0.08 
per cent and the manganese less than 
0.40 per cent. At a hardness of 160 


ere machined from the wall of 
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Twisted Specimens of Ductile Iron 
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Tensile and Yield Strength— 1,000 psi 
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Hardness — Brinell hardness No. 


Fig. 4. Tensile and Yield Strengths and Elongation of Ductile Iron 


The average properties of a large number of test bars were used. As the hardness 


increases, the strength increases and the elongation drops. 


The as-cast data from 


1-in. keel blocks included irons of the following range of analysis: carbon 3.30-3.80 per 


cent; silicon 


ow 


2.20-2.80 per cent; manganese 0.25-0.75 per cent; phosphorus 0.10 per 


cent maximum; sulfur less than 0.02 per cent; and magnesium 0.06-0.09 per cent. 


Brinell, the elongation was 17 per cent 
and the tensile strength 70,000 psi; 
at 260 Brinell, the tensile strength was 
105,000 psi and the elongation 3 per 
cent. 

In a completely annealed ductile 
iron, the properties are determined 
chiefly by the amount of silicon and 
partially by the amount of phosphorus. 


Figure 5 compares the hardness and 
tensile strength of completely annealed 
irons (9). In this series of tests, the 
phosphorus was never more than 0.05 
per cent nor the manganese more than 
0.40 per cent. Roughly, each 1 per 
cent of silicon raises the tensile strength 
by 11,000 psi and decreases the elonga- 
tion by 3 per cent. In fully annealed 


916 
120 : 
ve 
\e 
xen 
80 
27 ottset) 
0 | 
viel 
60 
| 
| 24 
i 16 
‘ 
2 ion | | 
or 


Oct. 1952 


ductile iron, the carbon is present en- 
tirely in graphite spheroids. No com- 
bined carbon can be observed. 


Production 


The essential step in the production 
of iron containing spheroidal graphite 
is the introduction of a small but ef- 
fective amount of magnesium into a 
typical gray-iron analysis. The final 
miagnesium content is approximately 
0.05 per cent or 1 part in 2,090. ‘This 
very small amount of magnesium is 
sufficient to produce a material having 


100 


7 


0 
0 1 2 3 
Silicon — per cent 
Fig. 5. Tensile Strength and Elongation 
of Annealed Ductile Iron 


The silicon content was varied, but the 

phospherus was never more than 0.05 per 

cent nor the manganese more than 0.40 

per cent. Line A represents a 1-1n. sec- 

tion of ductile iron. and Line B a 6-in. 
section. 
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the combination of high strength and 
good ductility previously described. 

The high-tensile properties and the 
presence of some ductility, together 
with the fact that it may be produced 
in a gray-iron foundry, have led, even 
at this early date, to a number of in- 
dustrial applications of ductile iron. 
Castings varying in size from small 
electrical hardware fittings to 100,000- 
lb anvil blocks have been produced to 
take advantage of the characteristics 
of ductile iron (10, 11). 
Application 

A large tonnage of ductile iron pipe 
has been produced, although the ap- 
plication of this pipe is still in the ex- 
perimental stage. The attractiveness 
of this product for use in pipe results 
from its high wall and bursting strength 
combined with some ductility. There 
are two approaches to the use of duc- 
tile iron in pipe: one is the use of duc- 
tile iron in the same wall section as 
gray iron for those points at which the 
higher strength and the much greater 
resistance to bursting is desired; and 
the other is that of drastically cutting 
down the wall thickness and taking 
advantage of the lower transportation 
costs and greater ease of handling of 
a lighter pipe. Figure 6 (7) compares 
a ductile-iron and a gray-iron pipe sec- 
tion in a ring crushing test. The av- 
erage ring modulus of rupture on 8-in. 
diameter rings was 127,650 psi, com- 
pared with 55,000 psi for gray iron 
pipe as now made. The bursting ten- 
sile strength of ductile iron is 52,000- 
62,000. psi, as compared with 22,000 
psi for present iron pipe. Figure 7 
shows some pipes that were given a 
bursting test. These pipes were arc- 
welded with a high-nickel iron rod. 
The bursting strength of the welded 
pipe remained high and fracture oc- 
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Ductile Iron and Gray Iron After a Ring Crushing Test 


The ductile iron is on the left and the gray iron on the right. 
Both rings were cut from pipe. 


curred outside the weld area. The 
pipe actually bulged some time before 
final bursting occurred. The average 
bursting pressure was 5,300 psi. Gray- 
iron pipe tested in the same manner 
broke at 2,400 psi and shattered. Em- 
ploying ASA pipe-designing formulas, 
calculations were made of the required 
metal thickness for ductile iron pipe 


to be used at given working pressures. 


The results of these calculations 
showed that the metal in the pipe wall 
could be reduced by at least one-third 
for any given class or working pres- 
sure. Even after this reduction in 
wall thickness, it was found that a 
greater factor of safety could be em- 
ployed as a result of the high level of 


Fig. 7. Bursting Test on Welded Pipe 


Pipes were arc-welded with a high-nickel iron rod. Failure occurred 
through the wall, not the rod. 
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TABLE 1 
Corrosion Data 


| Duration | 
days | 


Solution 


Aerated tap water 28 
Rapid motion sea water 4 
Aerated 3.5% NaCl 
Aerated 5% H2SO, 1 
5% NaOH 9 

+10 


Temp. 


Ductile Iron Gray Iron 


| As Cast Annealed As Cast Annealed 


| 0.025 0.020 0.035 
0.058 0.060 
0.025 | 0.016 | 0.027 | 0.021 


8.7 4.1 6.5 8.2 
0.018 0.018 0.017 0.022 


0.028 


physical properties of the iron in the 
pipe. 

Figure 8 shows ductile-iron pipe fit- 
tings that have been tested extensively 
by Underwriters Laboratories, Inc. 
Elbows 3, 1, 1}, 14, and 2 in. in size 
were tested with a hand-operated pres- 
sure pump. Except for two tests that 
showed very minute seeping at the 
joint, none of the 25 fittings tested 
failed or leaked at a pressure of 5,000 
psi, the capacity of the test equipment. 
These test fittings were cast with the 
dimensions of a 150-lb malleable iron 
screw fitting and are covered by speci- 
fication ASA B16C. As a result of 
this test, the lighter ductile-iron fittings 
were approved by the Underwriters 
Laboratories’ report for the heavier 
300-lb malleable fittings service. De- 
tails of the dimensions of the 300-Ib 


malleable may be found in specification 
SP-31-1944 issued by the Manufac- 
turers’ Standardization Society of the 
Valve and Fittings Industry. In the 
same report, these fittings were ap- 
proved for use in water piping of auto- 
matic sprinkler, open sprinkler, water 
spray, and standpipe equipment. 

This ability to withstand much 
higher pressures and to fail with some 
plastic deformation rather than shatter- 
ing has led to its commercial use in a 
number of applications. Figure 9 
shows a casting of ductile iron—a large 
cylinder for one of the leading builders 
of hydraulic presses. The properties 
of ductile iron are now being investi- 
gated by a number of manufacturers 
supplying equipment to the water dis- 
tribution industry. Some of these parts 
are pipeline joints. The high strength 


Fig. 8. Black and Galvanized Ductile-Iron Fittings 


The galvanized fittings are on the left and the black on the right. 


These elbows have 


been extensively tested with a hand-operated pressure pump. 
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Fig. 9. Casting of Ductile Iron 
This cylinder was made for a hydraulic press. 


of ductile iron is probably the most 
important factor leading to its consid- 
eration for this application. 

Ductile iron has also been consid- 
ered by municipalities that have re- 
ported some breakage of gray iron in 
the frames and inner-cover castings of 


manhole assemblies. This breakage 
occurs primarily on installation as a 
result of workmen’s overtightening the 
bolts. There has been some interest 
in use of ductile iron for parts such as 
valve body assemblies, blind blockoff 


flanges, and fire hydrants in which re- 
sistance to shock is a factor. Ductile 
iron has been considered, too, as a re- 
placement for gray cast iron that some- 
times fails because of water hammer 
and vibration. Other possibilities in- 
clude pipe that is subject to shock or 
heavy loading, cofferdams, and some 
culvert construction parts. 

There is reason to believe that iron 
containing spheroidal graphite is some- 
what more resistant to failure from 
graphitic corrosion than is gray iron. 
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Fig. 10. 10,000-lb Ductile-Iron Pump Casing for Water Works Service 


Fig. 11. Pumping Installation Using Ductile-Iron Casings 
The pumps in this installation used ductile-iron casings like that shown in Fig. 10. 
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This assumption is based upon the 
importance of surface area in gal- 
vanic corrosion. Graphitic corrosion 
results from galvanic action between 
the graphite surface film and the 
steel matrix. Inasmuch as spheroidal 
graphite has less surface area for the 
same volume, one would expect duc- 
tile iron to be more resistant to attack 
by graphitic corrosion. In overall cor- 
rosion resistance, there does not seem 
to be much difference between iron 
containing flake graphite and iron con- 
taining spheroidal graphite. Table 1 
gives the results of a few comparative 
corrosion tests. 


TABLE 2 
Specification for Ductile Iron 


Grade Grade 
(80-60-03) (60-45-10) 
Min. tensile strength— 


psi 80,000 60,000 
Min. yield strength— 

psi 60,000 45,000 
Min. elongation in 2 in. 

—per cent 3.0 10.0 


Another characteristic of ductile iron 
is its relatively good machinability 
(12). This characteristic, as well as 
its high strength and ready castabil- 
ity, has led to its selection in the large 
pump casing casting shown in Fig. 10. 
Figure 11 shows a pumping installa- 
tion at which a number of pumps of 
the type using a ductile iron casing are 
in service. 

Figures 4 and 5 have shown the re- 
sults of a number of tests on ductile 
iron. These figures represent actual 
tests, and a certain leeway must, of 
course, be allowed for day-to-day pro- 
duction. Table 2 gives the minimum 
property specifications provided by 
tentative standard ASTM A-399-51T. 


Conclusion 
The combination of good fluidity, 
high yield and tensile strength, and 
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toughness has led to numerous com- 
mercial applications of ductile iron 
since the original announcement of the 
development in 1948. Production in 
1951 was three times higher than in 
1950, and there is every expectation 
that this rate of growth will continue 
as increasing use is found for the 
unique combination of properties pro- 
vided by this new engineering material. 
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Soil Temperatures in Water Works Practice 
By R. F. Legget and C. B. Crawford 
A paper presented on May 26, 1952, at the Canadian Section Meeting, 


Montreal, Que., by R. F. Legget, Director, and C. B. Crawford, Asst. 
Research Officer, both of the Div. of Building Research, National Re- 


search Council, Ottawa, Ont. 


HE variation of the temperature of 

the soil, throughout the year and 
at different depths below ground sur- 
face, might seem to be a scientific curi- 
osity of little practical interest to the 
water works engineer until the relation 
of soil temperature to the freezing of 
water pipes is appreciated. The freez- 
ing of water in buried mains is due, 
largely, to the cooling of the surround- 
ing soil below the freezing point of 
water. This cooling is but one par- 


ticular feature of a general pattern of 
the changing soil temperature profile 
as the effect of winter air temperatures 


is felt beneath the surface of the 
ground. 

Soil temperature variations are un- 
usually complex, and have a wide prac- 
tical significance. They affect the per- 
formance of buried pipes used for the 
passage of fluids which freeze at nor- 
mal temperatures, and are clearly a 
determining influence in the perform- 
ance of heat pumps. Soil temperature 
variations are related to the flow of 
heat in the ground, and thus influence 
heat losses from the basements and 
foundations of buildings, the perform- 
ance of cold storage buildings, and the 
innumerable problems associated with 
foundation designs. Frost-boil and as- 
sociated difficulties in road and airfield 
construction are further evidences of 
changing soil temperatures. 


Canada’s Div. of Building Research, 
National Research Council, is keenly 
interested in this important natural 
phenomenon. The initial studies of 
the senior author were begun in 1943, 
and were transferred to Ottawa at the 
start of the work of the Div. of Build- 
ing Research in 1947. There were 
serious snow and ice problems in Ot- 
tawa the following winter, which re- 
sulted in difficulties in water main 
maintenance. The division was con- 
sulted by the Works and Water Works 
Commissioners of Ottawa about these 
difficulties. As the Ottawa problems 
were closely linked to the more general 
soil temperature studies already being 
conducted by the division, a coopera- 
tive program was developed. This 
paper represents the first public prog- 
ress report upon the work. 

Many variables are encountered in 
soil temperature studies, one of which 
is the weather. Ironically, the winters 
in Ottawa since this cooperative work 
started have not been exceptionally 
cold and there has been no opportunity 
to study extreme conditions. As the 
time unit in all soil temperature work 
is one year, and as weather is not yet 
susceptible to control, this limitation 
upon experimental work must be ac- 
cepted, but the reporting of results 
cannot be delayed too long if they are 
to be of general interest. This paper 
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represents a sharing of experience to at Ottawa is 42 F, and the mean soil 
date rather than a finished statement temperature at 20 ft is approximately 
of specific results. The authors feel 48F. Ground temperatures near the 
that the information which has been surface, however, must naturally vary 
developed will be of assistance to water greatly throughout the year. 

works engineers in solving maintenance Figure 1 shows the general pattern 
problems. of soil temperature in the upper 20 ft 
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Oct. Dec. 


Nov. 


Jan. Feb. Mar. Apr. May June July Aug. Sept. 


Month 
Fig. 1. Temperatures in Undisturbed Clay With Natural Snow Cover 
The temperatures were recorded in Ottawa for the year 1950 by means of sensitive 
measuring devices inserted into minute holes formed in the sides of a Pit. 


of the earth’s crust, which is the region 
of interest to water utilities. The main 
features are a rapid decrease in the 
range of temperature, and a steadily 
increasing time lag, both varying with 


ation in temperature below a depth of depth. The time lag, which is due to 
approximately 20 ft. The steady tem- the slow transfer of heat through the 
perature at this depth is usually slightly ground, eventually reaches approxi- 
above the mean annual air temperature mately six months at a depth of 20 ft 
for the locality, as is the usual tem- in Ottawa. Thus, the coolest spot in 
perature of ground water—for exam- Ottawa in mid-August is 20 ft below 
ple, the mean annual air temperature the surface of the ground, where the 


Soil Temperature Variations 


If accurate measurements of the tem- 
perature in the ground are made and 
recorded throughout a year, it will be 
found that there is no appreciable vari- 
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Recorder Bulb and 
Thermocouple 
Center Line of Road 


Fig. 2. Installation of Temperature- 
Recording Instruments in Ottawa 
The instruments are automatic, mercury 
bulb, and were installed under two city 
streets, 2 and 5 ft under the center of the 
street, the gutter, and the boulevard. 


full effect of the previous winter is just 
being experienced. 

This pattern of soil temperature 
variation is an understandable one and 
for homogeneous soil conditions can be 
determined by calculation, using” cer- 
tain simplifying assumptions. The pat- 
tern shown in Fig. 1 is based on rec- 
ords taken in undisturbed ground. 
This means, in practice, that the rec- 
ords of temperature have been taken 
by means of sensitive measuring de- 
vices inserted into minute holes formed 
in the sides of a pit, and long enough 
horizontally to eliminate the effects of 
the disturbance of the soil in the pit. 
For such conditions, and with undis- 
turbed snow cover, it has been found 
that frost penetration is much less than 
is generally supposed. 

Some of the factors which influence 
soil temperature include: the state of 
the soil, whether disturbed or undis- 
turbed; the type of soil; the state of 
the snow cover, whether disturbed or 
undisturbed ; the nature of the ground 
surface ; and the moisture content and 
thermal properties of the soil. All 
these factors may influence the soil 
temperature profile throughout the 
year, particularly in the upper few 
feet, the critical few feet from the point 
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of view of the water works engineer. 
Agricultural soil scientists have studied 
extensively the effect of these factors 
in the top few inches of the soil pro- 
file, and some engineering studies have 
been made. The junior author has 
made a detailed analysis of the engi- 
neering literature in this field (1). 

As would be expected, the engineer- 
ing literature emphasizes the overrid- 
ing influence of the annual variations 
in air temperature. The character of 
the surface cover is also an important 
factor, particularly the insulating value 
of undisturbed snow, but this is an 
uncertain quantity as snow can and 
does vary so much with time. The 


type of soil is naturally important, but 
the degree of disturbance as repre- 
sented by its density relative to its 
undisturbed density is perhaps the fac- 


Ground Water Piezometer 
Snow Not Removed 
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Snow Removed 
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Fig. 3. Installation of Temperature- 
Recording Instruments at Montreal 
Road Laboratories 


This installation was planned for a theo- 

retical study of air temperature, snow 

cover, density of soil, type of soil, and 

disturbance of clay soils. © represents a 

thermocouple and ‘| a moisture-meas- 
uring unit. 


Ay eae 2-in. Asphalt Over Curb and Recorders 
ae 6-in. Concrete Gutter Grass 
Sandy 
1 
— — — — — 4 
: 
8 ft—» 
= 
| 
ty 


tor of greatest significance. The pres- 
ence or absence of ground water within 
the top few feet is another important 
factor. Thus it can be seen that any 
statements about the depth of frost for 
any general area can only be approxi- 
mate and may even be misleading. 
The excavation of trenches for water 
main installation automatically intro- 
duces a special complication into the 
local soil temperature condition. 
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Fig. 4. Frost Penetration in Clay 


Measurements were made in Ottawa for 
the years 1948-51. 


Experimental Installations 


The field installations for the study 
of soil temperatures have been de- 
scribed by Legget and Peckover (2) 
and, therefore, only a general descrip- 
tion will be given. In Ottawa, auto- 
matic, mercury-bulb, temperature-re- 
cording instruments were installed 
under two city streets in November 
1948. The bulbs were placed 2 and 
5 ft under the center of the street, the 
gutter, and the adjoining strips of turf, 
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or boulevard, as shown in Fig. 2. One 
set of instruments was installed in 
sandy soil and the other set in a clay 
type soil. Continuous readings during 
most of the year were obtained in the 
sand from November 1948 until June 
1950, and in the clay from November 
1948 until September 1951. 

For a more theoretical study of some 
of the basic factors affecting soil tem- 
peratures under field conditions, two 
test sites were chosen at the Montreal 
Road Laboratories of the National Re- 
search Council, one site in sand and 
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Fig. 5. Frost Penetration in Sand 


Measurements were made in Ottawa for 
the years 1948-50. 


the other in clay. This project was 
planned particularly for the study of 
five variables—air temperature, snow 
cover, density of soil, type of soil, and 
disturbance of clay soils. Four test 
pits, 8 ft square and 6 ft deep, were 
dug at each site, and each pit was 
equipped with thermocouples at 1-ft 
intervals of depth and was backfilled 
under controlled conditions (Fig. 3). 

Two pits at each location were back- 
filled loosely and two were made com- 
pact with pneumatic tampers. During 
the winter, one loose and one dense pit 
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at each site were kept cleared of snow. 
Measurements are also being made in 
undisturbed clay to 15 ft below the 
surface. Temperature readings were 
begun in December 1949 and are con- 
tinuing. Moisture meters were in- 
stalled with the thermocouples, but 
these have proved to be unsatisfactory. 
Soil moisture variation is being meas- 
ured using samples obtained from test 
borings. 
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Fig. 6. Frost Depths and Freezing Index 
in Winter Excavations 
The design curve included in the figure 
was developed by the U.S. Corps of Engi- 
neers (3-5) from an analysis of frost 
penetration records of the northern U.S. 
@ represents 1947-48 frost depth in un- 
classified soil. X represents 1950-51 
frost depth in sand. 


Results in Ottawa 


Many difficulties were encountered 
in the field work. Corrosion of the 
recorder bulbs at the clay installation 
in Ottawa made replacement necessary 
in September 1949, and interrupted 
record continuity. It was necessary to 
remove the recorders in the sand when 
the instruments were damaged by van- 
dals during the summer of 1950. After 
reviewing the results, it became appar- 
ent that three measuring points under 
the road and three under the boulevard 
would have given more satisfactory 
data. Such an installation would have 
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eliminated gutter measurements which 
were ‘of limited value as it was im- 
possible to control snow cover at the 
edge of the roadway. Probably the 
most serious error was the discovery, 
after installation, that a 12-in. sewer 
line was located near the measuring 
bulbs in the sand. This sewer line has 
complicated the analysis of soil tem- 
peratures, but at the same time, has 
shown how significantly a sewer will 
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Freezing Index —degree-days 
Fig. 7. Maximum Frost Penetration and 
Maximum Freezing Index 


Measurements were made in Ottawa for 
the years 1947-51. The right-hand end 
of the horizontal line indicates maximum 
frost depth at maximum freezing index. 
The left-hand end indicates freezing index 
at the time of maximum frost depth. @ 
refers to measurements made in sand 
(interpolated); © clay (interpolated) ; 
x sand (by excavation); and + clay 
(by excavation). 


raise the temperature of the surround- 
ing soil. 

Nevertheless, some pertinent obser- 
vations can be made from the records 
which are shown in Fig. 4 and 5. The 
frost penetration was generally deepest 
from mid-February until mid-March, 
and was considerably greater under 
the center of the road than under the 
gutter or boulevard. An exception, 
probably a result of the sewer, occurred 
in the sand, where the frost penetration 
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under the gutter was nearly as great, 
and at one time greater, than that 
under the road. The effect of the sewer 
at the sand installation is evident in 
Fig. 5. The temperature at the 5-ft 
depth under the center of the road was 
consistently warmer than the tempera- 
ture of the surrounding soil at 5 ft. 
The reverse occurred at the clay site. 
As the frost depth was interpolated 
assuming a linear temperature gradient 
between 2 and 5 ft, the computed pene- 
tration in sand is less than it would be 
under normal conditions. The winter 
temperatures under the boulevard are 
usually warmer than the others. In 
one winter, 1948-49, at the clay site, 
the gutter temperatures were warmer 
than the boulevard temperatures, prob- 
ably a result of the greater snow cover 
over the gutter. In February 1950 
the trend of the frost line under the 
gutter and boulevard in the clay sud- 
denly reversed. A transfer of snow 
from the gutter to the boulevard ap- 
pears to be a reasonable explanation 
for this change. 

Snow conditions at the clay site were 
observed during 1950-51. For Feb- 
ruary these records show an average 
of 3 in. of packed snow on the road, 
34 ft of snow over the gutter, and 4 in. 
of snow on the boulevard. During this 
period, temperatures at the 2-ft depth 
under the gutter were abnormally high. 

Cooler temperatures under the boule- 
vard in clay, during the summer of 
1950, illustrate the insulating effect of 
sod. This insulation is also present 
during the winter, although probably 
to a lesser extent. Sod does, however, 
complicate an evaluation of snow cover 
alone. 

In addition to recording tempera- 
tures at these two sites in Ottawa, the 
Water Works Dept. has recorded frost 
depths in most winter excavations 
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which have been made since 1947. 
This record has proved to be valuable, 
perhaps more valuable to the water 
works engineer than the measurement 
of actual soil temperatures, as it gives 
average values of frost penetration 
throughout the city rather than values 
at certain sites that are assumed to be 
typical. These data are given in Fig. 
6, 7, and 8. Figure 6 shows the rela- 
tion between freezing index, which will 
be described later, and measured frost 
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Fig. 8. Approximate Frost Penetration in 
Ottawa Area 
These observations were made when 
there was no snow cover. 


penetration. The “design curve” de- 
veloped by the U.S. Corps of Engi- 
neers (3-5) from an analysis of many 
records of frost penetration in northern 
U.S., measured mainly under snow- 
cleared airport runways on stabilized 
base course, is also shown in Fig. 6. 
The values for Ottawa show a trend 
parallel to The design curve but con- 
siderably above it. 

The design curve, however, is based 
on maximum freezing index and maxi- 
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mym frost penetration for each winter. 
This relation is shown in Fig. 7, to- 
gether with the horizontal displacement 
obtained by showing the freezing index 
at the time of maximum frost depth. 
The data are in agreement with the 
design curve for conservative estimates 
of frost penetration, except for the frost 
depths observed in sand excavations. 
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often show maximum frost penetration 
occurring several weeks before maxi- 
mum freezing index for the winter. 
In western Canada the reverse is usu- 
ally true as maximum frost penetration 
occurs long after the maximum freez- 
ing index. Water mains have frozen 
as late 4s June in Winnipeg. The rea- 
son for the later occurrence of maxi- 
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Fig. 9. Cumulative Freezing Index at Ottawa 


The upper point at 84 in. penetration 
occurred during the winter of 1947-48, 
which appears to have been more se- 
vere than the freezing index indicates. 
Figure 8 shows variations in frost pene- 
tration between ground-temperature 
measuring installations and frost pene- 
tration as determined by excavation. 
These curves, compared with Fig. 9, 


mum frost depth in western Canada is 
due to greater time lag with the deeper 
frost line. Even when the mean daily 
temperature is well above freezing, heat 
continues to flow from the frost line to 
the lowest temperature region in the 
soil which may be several feet above 
the frost line. This extraction of heat 
will send the frost line deeper. 
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Maximum Frost Penetration—ft 


Soil Type b ne a8 Snow-Covered Soil Uncovered Soil 
| 
| Undistarbed | Dense Soil | Loose Soil | Dense Soil | Loose Soil 
-—|- | | 
Send | 199-50 | — 4.1 42 | 46 | 46 
- 


1950-51 


1949-50 1.8 


Results at Road Laboratories 


The first soil temperatures were re- 
corded at the Montreal Road Labora- 
tories of the Div. of Building Research 
in the winter of 1949-50. During the 
first winter trouble was experienced 
with instrumentation and there may be 
some inaccuracies in the records, but 
subsequent records are considered ac- 
curate. The average penetration of 
the 32 F isotherm for two winters is 
shown in Fig. 8 and Table 1. 

As more records become available, 
a better interpretation of the results 
may be made. At present only a few 
general statements can be made: 

1. Density of the soil appears to 
have little effect on frost penetration. 
This conclusion may not be valid when 
the actual density of the soil in the 
pits is checked. 

2. Frost penetration averages about 
1} times as deep in sand as in clay, 
with, or without, snow cover. The 
effect of snow cover in this respect is 
not clear. 

3. Disturbance of clay soils increases 
frost penetration to 14 times the depth 
in undisturbed clay. 

4. Frost penetration is considerably 
reduced by a blanket of undisturbed 


2.45 


snow. The actual effect is uncertain 
because the snow blanket of 1949-50 
was unusual, as shown in Fig. 10. 
During the winter of 1949-50, snow 
cover had little effect. In the following 
winter, 1950-51, removal of the snow 
tripled the frost penetration. 


Factors Affecting Soil Temperature 


A brief examination of the theory of 
heat flow (6) indicates some of the 
practical difficulties of a purely theo- 
retical analysis of soil temperature vari- 
ations. A simple equation expresses 
the rate of heat flow along a thermal 
gradient from warm to cold areas: 


OQ = KiAt 


where Q = quantity of heat flowing, 
K = thermal conductivity, i = thermal 
gradient, A=area, and ft =time. 
Thus the rate of heat flow over any 
given area is proportional to the ther- 
mal conductivity and to the thermal 
gradient. 

The rate of change of temperature is 
expressed by a more complicated dif- 
ferential equation involving the thermal 
diffusivity of the soil. ‘Thermal dif- 


fusivity” is a term which expresses 
temperature 


the ease with which 
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changes can occur in the soil. If the 
soil freezes, latent heat is released, 
which adds to the complications. 

These theoretical relations show that 
the rate of heat flow is proportional to 
the thermal conductivity, but the rate 
of temperature change, or the rate of 
frost penetration, is proportional to a 
more complex set of variables. 

A detailed discussion of all the fac- 
tors affecting soil temperature is not 
necessary, but some consideration of 
the variables is essential for an under- 
standing of the problem. The variables 
may be divided into external factors 
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Fig. 10. Undisturbed Snow Depths at 
Montreal Road Laboratories 


and intrinsic factors (7). The external 
factors are meteorological, such as air 
temperature, precipitation, sunshine, 
relative humidity, wind velocity, dew 
point, and barometric pressure. In- 
trinsic factors include topographic posi- 
tion, nature of surface and type of 
cover, moisture content of soil and its 
thermal conductivity, specific heat, or- 
ganic content, specific gravity, radia- 
tion, absorption, texture and structure, 
evaporation, and concentration of salts 
in solution. This is a formidable list 
of variables, yet they are so interrelated 
that they compensate one another to a 
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surprising degree. They illustrate, 
however, the difficulties in a theoretical 
calculation of frost penetration. 

As present knowledge of the ther- 
mal properties of soils is limited, it is 
necessary to neglect many of the vari- 
ables in both the theoretical and prac- 
tical analyses. Of the external factors, 
only air temperature can be conven- 
iently considered, but, fortunately, 
changes in the other external factors 
are generally reflected in the air tem- 
perature. Some of the intrinsic factors 
must be known for the theoretical 
analysis. A glance at some others will 
suffice to indicate their relative effect 
on soil temperatures. 

Air temperature is, of course, the 
most important factor. The second 
most important variable is probably 
surface cover—for example, snow and 
vegetation reduce frost penetration and 
frost retreat. Pavement, on the other 
hand, increases penetration and ac- 
celerates retreat. Dark surface colors 
increase the absorption of solar energy 
—high temperature radiation—but do 
not have the same effect on the emis- 
sion of heat from the soil—low tem- 
perature radiation. Radiation from the 
soil is governed largely by the soil’s 
water content. All soils, when wet, 
tend to lose heat by radiation equally, 
as if they were black bodies. Many of 
the intrinsic factors are closely related 
to the texture and structure of the soil. 
About all that can be safely said of 
these variables is that frost penetration 
is generally greater in granular soils 
than in fine-grained cohesive soils. 


Frost Penetration 


High thermal conductivity aids frost 
penetration. Organic matter generally 
increases moisture content which, in 
turn, affects thermal conductivity and 
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volumetric heat capacity. In general, 
moisture appears to be a temperature 
modifier, reducing fluctuations and 
rapid penetration. Topographic posi- 
tion has an appreciable effect on frost 
penetration, northern exposures having 
greater frost penetration than south- 
ern exposures. 

The freezing point of the soil has 
been a controversial subject for some 
time. It is thought that fine-grained 
soils freeze at a temperature slightly 
lower than 32F. Dissolved salts in 
the soil moisture would contribute to 
the lowering of the freezing point. 
Many comparisons by the U.S. Corps 
of Engineers (4) of soil tempera- 
tures with actual frost penetration, 
measured by excavation, show that the 
average freezing temperature is close 
to 32 F. 

Theoretical reasoning indicates that 
density and water content may have 
considerable effect on frost penetration 
in soil owing to the effect of these vari- 
ables on the volumetric heat capacity 
and the thermal conductivity of the soil. 
As noted previously, the ease with 
which temperature changes can occur 
in soil is governed by the thermal dif- 
fusivity. Thermal diffusivity is equal 
to the thermal conductivity divided by 
the volumetric heat capacity. Thertnal 
conductivity indicates the amount of 
heat flowing per degree Fahrenheit, 
and the volumetric heat capacity indi- 
cates the amount of heat required to 
raise or lower the temperature 1 F. 
As increases in density or moisture 
content cause increases in both thermal 
conductivity and volumetric heat ca- 
pacity, these changes may have little 
effect on the thermal diffusivity of the 
soil. 


Heat Flow 


At the present time, the calculation 
of heat flow in the ground is based on 
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general heat flow theory, using values 
of the coefficient of conductivity modi- 
fied to compensate for the effect of 
moisture. These special values of the 
coefficient of conductivity are usually 
determined by placing a soil ‘sample 
between a heated and a cooled plate, 
and measuring the heat input and tem- 
perature after steady-state conditions 
are achieved. It is generally recog- 
nized that under such a temperature 
gradient, the moisture begins to move 
from the hot side to the cold side. 
There is considerable discussion in the 
literature (8-10) of whether the water 
moves as liquid or by a process of evap- 
oration, vapor migration, and condensa- 
tion, or both. These opposing points 
of view have not yet been resolved, 
but are important in determining heat 
transmission in the ground. If any 
appreciable moisture movement as va- 
por takes place, resulting in the trans- 
mission of additional heat as latent heat 
in the migrating vapor, the usual heat 
flow theory may not be adequate. 

The effect of vapor migration is to 
increase the heat flow, not only in the 
laboratory tests made to determine the 
coefficient of conductivity values, but 
also in the ground. The relative rates 
of vapor migration, however, may vary 
widely between the laboratory tests 
and the actual ground conditions, so 
that considerable errors may result. 
It is possible that future work will 
indicate such vapor migrations to be 
negligible in the soil. Until this is 
demonstrated, however, the possibility 
of error from this source must be 
admitted. 

Transient methods capable of meas- 
uring the thermal properties of soils in 
place are now being developed (11, 
12). These methods employ heated 
wires or spheres, and testing is carried 
out over a period of a few minutes. 
The migration of moisture occurring 
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during such a short time might be 
small but the rate of migration might 
be relatively high, and if the moisture 
movement occurs as water vapor, it 
might Jead to fictitious results. It has 
been suggested that more heat arrives 
at a cooled coil in the ground—such 
as is used for a heat pump system 
of heating—than can be explained on 
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Effect of Air Temperature 


As stated previously, air tempera- 
ture is the most important factor af- 
fecting soil temperature and frost pene- 
tration. The common method of 
expressing the effect of winter air tem- 
peratures is the freezing index (13). 
The freezing index is the cumulative 
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Fig. 11. Freezing Index Computations for the Years 1885-1950 
Computations were made from records of the Experimental Farm at Ottawa. 


the basis of the usual theory. The 
cause of this apparent discrepancy may 
well be the transmission of heat as 
latent heat in the migrating vapor. 
Until the combined mechanisms of 
heat and moisture flow are more ade- 
quately understood, the application of 
heat flow theory aione in assessing the 
effects of density and moisture content 
must be made with reservations. 


total of degree-days * below freezing 
point in any winter. To compute the 
index, the mean air temperature for 
each day is subtracted from 32F to 
obtain the degree-days of frost, and 
the values obtained are added together 
for the whole winter. Values for mid- 


*A unit representing 1° of declination 
from a given point (here 32 F) in the mean 
outdoor temperature for one day. 
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winter days with mean temperatures 
above freezing—that is, negative values 
of freezing index—are subtracted from 
the total. In the spring when the 
temperature trend is upward and tem- 
peratures are above freezing, the cumu- 
lation is discontinued. 

Computation of the freezing index 
using mean daily temperatures is la- 
borious if many years of records are 
to be analyzed. It is equally accurate 
to use the monthly means for Decem- 
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Winters With Greater Freezing Index — per cent 


Fig. 12. Freezing Index Frequency Curve 
for the Years 1885-1950 
The frequency curve was obtained from 
a statistical analysis of records of the 
experimental farm at Ottawa. 


ber, January, February, and March if 
a correction is applied for the transi- 
tional months in the fall and spring. 
The following formula can then be 
used : 

Freezing index = 30.3x + correction 
in which 30.3 is the average number of 
days in December, January, February, 
and March, and + is the average of the 
monthly means for these four months 
subtracted from 32 F. The correction 
is the cumulative total of the degree- 
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days of frost for the fall and spring 
months, and usually includes frost in 
late November and early April. The 
cumulation does not necessarily begin 
at first frost as its effect may be can- 
celled by subsequent higher tempera- 
tures. The freezing index for Ottawa 
air temperature records has been 
plotted for four years in Fig. 9. 

The freezing index has also been 
computed from the records of the Ex- 
perimental Farm at Ottawa for the 


Freezing Index 


t= 100 days 


125 


Time 
Fig. 13. Freezing Index for Two Winters 
The two winters had the same total 
freezing index but were of different 
duration. 


years 1885 to 1950, and the results of 
these computations are shown in Fig. 
ll. The freezing index frequency, 
which was obtained from a statistical 
analysis of these records, is shown in 
Fig. 12. This figure shows that the 
50 per cent frequency was 1,930 degree- 
days—that is, that half of the years 
studied had winters with a freezing 
index greater than 1,930 degree-days— 
and the 10 per cent frequency was 
2,460 degree-days. The winter of 
1947-48 had 2,234 degree-days of frost. 
The records indicate that a winter with 
this freezing index will occur every 
four or five years. 


| 
| 
| } 2,600 
2,200 
} 


Oct. 1952 


The classification of the severity of 
winters using the freezing index is 
probably oversimplified but no alterna- 
tive has yet been suggested. For ex- 
ample, the winter of 1947-48 had some 
peculiarities which indicate that it was 
more severe than would be gathered 
from the freezing index. Figure 9 
shows that it was a normal fall and an 
early spring, the maximum number of 
degree-days occurring in mid-March. 
Furthermore, it was a year of light 
snowfall—59 in. The 50-yr average 
for Ottawa is 88 in. The winter of 


Log Frost Penetration 


Log Freezing Index 


Relation of Freezing Index to 
Frost Penetration 


The time factor accounts for a variety 
of weather conditions throughout the 
country. 


Fig. 14. 


1942-43 had 2,770 degree-days of frost 


but the snowfall was 116 in. It is 
reasonable to believe that snowfall and 
the rate of accumulation of degree- 
days have some effect on winter sever- 
ity. Figure 13 shows a qualitative plot 
of freezing index for two winters hav- 
ing the same total freezing index but 
of different duration. It is possible 
that the winter of 100 days duration 
would be more severe than the longer 
winter owing to the greater thermal 
gradient acting at the surface. If this 
reasoning is correct, it may be possible 
to draw a series of curves (Fig. 14) 
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which would include a time factor to 
account for a variety of weather condi- 
tions throughout the country. The 
purpose of this family of curves is to 
show greater frost penetration for a 
steeper freezing index curve, and was 
a suggestion of N. B. Hutcheon of the 
University of Saskatchewan, a consul- 
tant to the Div. of Building Research. 

The Ottawa winter of 1947-48, 
which had a steep freezing index curve 
and deep frost penetration, lends 
strength to this conviction. In addi- 
tion, the rapid accumulation of degree- 
days during 1947-48 at Ottawa is simi- 
lar to the normal winter weather in 
western Canada, and it seems unlikely 
that only one curve of frost penetration 
against freezing index would accu- 
rately include the wide variety of 
weather experienced in Canada. Many 
field records of frost penetration will 
be required to complete this analysis, 
and it is hoped that a collection of 
these will begin during the next winter 
season. 


Effect of Snow Cover 


Snow cover has considerable effect 
on soil temperatures and frost pene- 
tration. Some investigators of winter 
soil temperatures have noted its effect 
in the undisturbed state, and a few 
have compared the effect of undis- 
turbed and compacted snow. All have 
agreed that snow cover will appre- 
ciably reduce frost penetration. The 
thermal conductivity of snow is a func- 
tion of its density. Independent in- 
vestigators have agreed, within fairly 
narrow limits, in their measurements 
of conductivity, as shown in Fig. 15, 
which is based upon a study of the 
properties of snow and. ice (14). 

Snow depths and density have been 
measured by the Div. of Building Re- 
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TABLE 2 
Undisturbed Snow Depths and Densities* 


Date of Elevation | Specific Snow | Average 
Observa- | of Samples | Gravity Depth kt 


tion in. of Snow) in. | Biu/ft/°F /hr 


12/1/49 4 0.21 7 3 


0.09 


12/15/49 2 0.31 3 |; 0.16 


2/16/50 43 0.22 10 0.10 


73 0.24 

3/8/50 2 0.28 | 12 0.12 
5 0.25 
9 0.24 

3/16/50 2 0.36 | 15 0.14 
6 0.33 
12 0.14 


1/15/51 2 0.22 | 10 0.08 
7 0.16 | 10 


0.25 11 0.08 


1/30/51 2 
4 0.20 
9 0.12 
11 0.19 
2/15/51 3 0.28 0.12 
7 0.22 
12 0.24 | 17 
15 0.30 


* The observations were made at the Montreal Road 
Laboratories. 
t Coefficient of conductivity. 


search since 1948. These data are 
shown in Fig. 9 and Table 2, and 
from them the values of thermal con- 
ductivity for undisturbed snow can be 
estimated. 

The warming effect of snow cover is 
clearly shown in Fig. 16, which shows 
that maximum frost penetration during 
1950-51 in sand with no snow cover 
was 46 in., and with snow cover was 
18 in.; in clay with no snow cover it 
was 29 in., and with snow cover was 
11 in. In undisturbed clay with snow 
cover, the penetration was only 6 in. 
Part of the difference between the mean 
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annual air temperature and the almost 
constant soil temperature at 15 or 20 ft 
below the surface can be attributed to 
the insulating effect of snow. 

Heat flows along the thermal gradient 
from warm to cold regions. Snow 
acts as an insulating blanket which re- 
duces the penetration of frost. As 
frost penetration is dependent on more 
than simple relations of thermal con- 
ductivity, the degree of protection of- 
fered by snow cover is not a simple 
function of its depth and density. It 
is interesting to note, however, the 
relative values of thermal conductivity 
for the various materials affecting soil 
temperatures—for example, in terms of 
British thermal units per degree Fah- 
renheit per foot per hour, the thermal 
conductivity for undisturbed snow is 
0.1; for ice, 1.3; for concrete, 0.5; and 
for soil, 0.8. Obviously these values 
are rough approximations, as the ther- 
mal conductivity is usually a function 
of such variables as density, moisture 
content, and mineral type and also 
depends on whether or not the soil 
is frozen. Nevertheless, the numerical 
values give an impression of the pro- 
tection offered by snow, ice, concrete, 
and soil. Of the four thermal conduc- 
tivity values given, the most significant 
value is that for ice, which shows that 
the protection against heat loss offered 
by pure ice is less than that of soil. 

It may be more illustrative to com- 
pare, in a general way, the values for 
thermal diffusivity of soil, snow, and 
ice. On the average, the thermal dif- 
fusivity of ice is about 3 times as great 
as that of undisturbed, but not fresh, 
snow, and the thermal diffusivity of 
soil ranges from 2 to 3 times that of 
snow. These values indicate that, for 
a certain thermal gradient, ice and soil 
will change temperature at about the 
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same rate, and that undisturbed snow 
will resist temperature change as much 
as 14 or 2 times its depth of soil. 
The protection against frost pro- 
vided by partially disturbed snow was 
revealed by a study of field records 
of excavations in Ottawa of actual frost 
penetration under snow-free streets and 
the adjacent snow-covered boulevard. 
These records show that frost pene- 
tration is reduced by 1.7 to 2.7 ft for 
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Fig. 15. Thermal Conductivity of Snow 


each foot of snow cover. The proba- 
bility average of the records is ap- 
proximately 2 ft. 


Conclusions 


An understanding of soil tempera- 
ture variations in soils of different 
types, both disturbed and undisturbed, 
is a basic requirement for a full appre- 
ciation of the problem of freezing water 
mains. Although knowledge of all as- 
pects of soil variations is still far from 
complete, a steadily increasing interest 
is being shown. As more field obser- 
vations are published, and details of 
laboratory investigations are reported, 


SOIL TEMPERATURES 


} 


937 


the unknowns in the problem will grad- 
ually be reduced. 

Theoretical equations for the com- 
putation of frost depth have been de- 
veloped by several workers, but com- 
parisons of actual and theoretically 
computed frost depths indicate that the 
theoretical approach is not yet free 
from error. An _ empirical design 
curve, developed by the U.S. Corps 
of Engineers (3-5), appears to be, at 
present, the best aid in frost prediction, 
and its application under Ottawa con- 
ditions is illustrated in this paper. 

In spite of the uncertainties still 
awaiting solution, a careful study of 
the results obtained from the experi- 
mental work conducted at Ottawa sug- 
gests certain general conclusions: 

1. The significant difference between 
the depth of frost penetration in dis- 
turbed and undisturbed soil suggests 
that if soil can be backfilled to some- 
thing approaching its original undis- 
turbed condition, some reduction in the 
depth of pipe trenches might be *pos- 
sible. This possibility is being studied. 

2. It is clear that water pipes may 
safely be placed at less depth in clay 
soils than in sandy soils. 

3. The design curve shown in Fig. 6 
shows a reasonable relation between 
frost penetration and freezing index 
for most of the soils studied, but its 
use must be tempered with caution 
until more corroborative evidence is 
available for Canadian conditions. 

4. If 500 or more degree-days occur 
before the end of December in Ottawa, 
some consideration should be given to 
restricted snow plowing in areas where 
water pipes are vulnerable. 

5. The authors suggest a modifica- 
tion of the freezing index concept to 
take account of the rate at which freez- 
ing weather occurs. An outline of this 
modification has been given; the au- 
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Fig. 16. Effect of Snow Cover on Frost Penetration 


Measurements were made in the Ottawa test pits in 1950-51. 


thors hope to publish design curves 
when sufficient evidence has been accu- 
mulated. 

6. The extent of the effect of snow 
cover in its various states is still in 
doubt. It is now known, however, 
that an undisturbed continuous snow 
cover will reduce frost penetration in 


the Ottawa climate by an amount equal 
to or greater than its own thickness. 
7. Traffic-packed snow will reduce 
frost penetration somewhat more than 
pure ice, depending on the density of 
the snow. This points to the desira- 
bility of conserving snow cover when- 
ever possible in water works practice. 
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Only by the steady and patient ac- 
cumulation of factual evidence will it 
be possible to advance in this study 
with confidence. A number of research 
organizations are conducting investiga- 
tions under controlled conditions and 
in laboratories. Additional informa- 
tion is required, however, from actual 
field experience. 
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A Study of the Taste of Fluoridated Water 
By Gerald J. Cox and Jessica W. Nathans 


A paper presented on June 20, 1952, at the Pennsylvania Section 
Meeting, Erie, Pa., by Gerald J. Cox, Prof. of Dental Research, and 


Jessica W. Nathans, Research Asst., both of the Research Depft., 


FEAR sometimes expressed in 

opposition to fluoridation of wa- 
ter for the prevention of dental caries 
is that an objectionable taste will re- 
sult. Those having experience in fluo- 
ridation quickly deny that any taste 
is contributed by current practices of 
adding fluorides of any kind to water. 
The authors have sought to determine 
the probability that anyone could taste 
sodium fluoride at the levels (approxi- 
mately 1 ppm) added in fluoridation, 
and to provide positive evidence of 
human ability to taste fluorides in 
water. 

The taste panel consisted of 187 
third- and fourth-year dental students, 
all males. The criterion of positive 
tasting was the ability to distinguish 
a given solution from distilled water 
by any method of tasting procedure 
adopted by the students. By such a 
laissez-faire method it was possible to 
learn from the students, better proce- 
dures of tasting. The methods de- 
scribed are those that were adopted 
toward the end of the explorations. 


Experimental 


The dilution series of sodium fluo- 
ride in distilled water is given in Ta- 
ble 1. It is based on an arbitrary 
choice of eight geometric increments 
from 10 to 100 ppm fluoride. The 
incremental ratio is 1.33352, the anti- 
logarithm of 4. The solutions and dis- 
tilled water were made available in a 
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random array of eleven open glass 
cups. For each test either five or six 
of the cups contained fluoride solution 
of a single concentration. The subject 
was given an opportunity to acquaint 
himself with the taste of the concentra- 
tion of fluoride under test and of the 
next higher concentration in the series 
and to compare them with distilled 
water. Thereafter he compared the 
tastes of the series with distilled water. 
The comparison was made quickly, as 
memory proved to be short for the 
slight difference in taste. 

Actual tasting was done from varied 
glass tumblers. The subjects grad- 
ually developed from an initial sipping 
technique to the practice of using sev- 
eral mouthfuls for each comparison. 
The total volume of expectorated liq- 
uid for the series of eleven frequently 
amounted to approximately 2 liters. 
This practice developed late in the 
study and probably accounts for the 
low thresholds attained by some of the 
subjects. 

In testing with an array of eleven 
containers, a score of two or fewer 
errors was judged a success. (The 
probability of such an occurrence by 
chance is 0.027.) If three or four 
errors occurred, the subject was asked 
to repeat the tasting. If, in the repeat 
test, three or fewer errors were made, 
it was judged successful tasting; if 
more, a failure. More than four errors 
in the initial test was judged a failure. 
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On the basis of preliminary studies, 
the testing was begun at 133 ppm fluo- 
rine for all members of the panel. 
Those who failed to distinguish this 
solution from distilled water were of- 
fered higher concentrations until they 


TABLE 1 


Taste Distinction Between Distilled Water 
and Sodium Fluoride Solutions 


Students Who 


| Students Who yh 
Succeeded but ister 
Failed at Lower 


Leveh—No. 


Fluorine Conc.* 


millimolar | | per cent 


39 
29 
22 
17 
13 


100.0 
98.9 
| 98.4 

95.7 
88.8 


79.1 
60.4 


48.1 
42.3 
36.4 
34.2 
28.3 


SSO 


*The most successful taster failed repeatedly to 
detect fluorine at a concentration of 1.8 ppm fluorine. 
The common fluoridation level for public water sup- 
plies is approximately 1 ppm. 


finally succeeded. Those successful at 
133 ppm fluorine were tested at 100 
ppm and the lower levels. These sub- 
jects entered into a spirit of competi- 
tion differing from those who had been 
declared “failures” and the anticipated 
linearity of findings was upset. The 
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development of the mouth flushing 
technique of tasting began at this stage 
and accounted, in part, for greater than 
anticipated success. 

As the end of the academic year 
1951-52 approached, it became neces- 
sary to speed up the procedure in order 
to complete the testing of all subjects. 
The authors tried having a_ subject 
taste through three arrays in immedi- 
ate sequence, and, surprisingly, the 
subjects became more successful in- 
stead of showing evidence of fatigue. 
This enhancement of the ability to dis- 
tinguish the fluoride solutions may 
have resulted from: [1] greater re- 
moval of saliva from the mouth; [2] 
removal of mucus deposits; [3] ex- 
traction of salts from oral tissues, thus 
rendering them more sensitive to the 
waterborne salt; or [4] a combination 
of these causes. 


Results 


The results of the complete study 
are given in Table 1. Without at- 
tempting to smooth or correct the data 
for the improvement of the methods 
of tasting, the authors have derived, 
by the method of probits, a probability 
of somewhat less than 0.001 that any- 
one can detect sodium fluoride in dis- 
tilled water at 1 ppm fluorine by the 
most favorable tasting procedure. It 
is the authors’ opinion, and the con- 
sensus of the tasters, that no one could 
detect sodium fluoride in water at 1 
ppm fluorine in a casual test. 

The studies on the third- and fourth- 
year students amounted to 1,107 tests 
of eleven unknowns or a total of 12,177 
single comparisons with distilled water. 

The taste of sodium fluoride when 
placed dry on the tongue is salty, some- 
what weaker than sodium chloride, 
probably because of lower solubility. 
The threshold with which these tests 
dealt, however, was not the threshold 


750 | 187 
562 | 1 185 
422 5 | 184 
316 13 | «179 
237 | 18 «166 
| 
178 | 9.5 35 | 148 | 
133 | 6.8 | 23 | «113 | 
100 | 5.3 | 11 90 
= 75 | 39 11 79 
56 | 2.9 | | 68 | 
42/22 | 11 | (64 
| 
24 | 13 | 
18 | 0.95 | 
13 | 068 | 
10 0.53 | 
5.6| 0.29 | 
4.2} 0.22 | 
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of the salt taste but a much lower 
threshold observed by Rengqvist (1) 
and by Richter and MacLean (2). 
The latter, in particular, described a 
variety of taste sensations reported by 
subjects tasting sodium chloride at 
what they termed “subthreshold” lev- 
els. The authors’ subjects reported 
the taste sensations given in Table 2. 
As Richter and MacLean observed 
with sodium chloride, a number of the 
subjects reported that the fluoride so- 
lutions tasted sweet. These findings 


TABLE 2 


Frequency of Taste Sensations From 
Sodium Fluoride Solutions* 


Sensation 2.4-100 ppm F | 133-750 ppm F 
More palatable 17 8 
Sweet 30 14 
Sour 2 1 
Bitter 5 17 
Salt 14 31 
Alkaline 3 9 
Miscellaneous 19 17 

Total 90 97 


| | 


* These data, which were obtained from the entire 
group, have been classified according to the most and 
the least successful tasters. The most successful tasters 
frequently reported sensations of more palatable and 
sweet, the least successful bitter and salt. Only 5 
times out of 10,000 could this distribution occur by 
chance as indicated by the x? value of 25.3, with 
6 degrees of freedom. 


indicate that if anyone does detect the 
presence of fluoride in water by means 
of taste, it will be because of an im- 
provement in flavor. 


Additional Tests 


Eight of the most successful tasters 
were tested for ability to recognize the 
presence of NaCl, KCl, KF, NaSCN, 
NH,4SCN, and sodium and potassium 
formates in distilled water in a con- 
centration equivalent to 18 ppm fluo- 
rine. With the exception of a disa- 
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greeable “sulfur” taste from NH4SCN, 
results of taste sensations similar to 
the tasting of sodium fluoride solutions 
were reported by these subjects. It 
was observed, however, that signifi- 
cantly more errors were made in the 
tasting of the potassium salts. This 
finding has led the authors to believe 
that it is the sodium ion that is mainly 
effective in contributing to the taste 
sensations of this group of eight sub- 
jects. Furthermore, because of these 
findings with the various salts, the 
authors propose for the subthreshold 
levels observed by Renqvist (1) and 
Richter and MacLean (2) the term 
“ionic effect” as a distinct sensation 
from the classical taste sensations of 
salt, sour, sweet, and bitter. There is 
no indication of what oral structures 
are involved in the detection of the 
ionic effect. 


Conclusion 


1. A solution of sodium fluoride at 
a concentration as low as 2.4 ppm fluo- 
ride can be distinguished by taste from 
distilled water through the effect of the 
ions of this salt. The authors call 
the mechanism of detection the ionic 
effect. 

2. The probability has been com- 
puted that not one in a thousand per- 
sons can detect sodium fluoride in dis- 
tilled water by the ionic effect at 1 ppm 
fluorine. 

3. These studies at low concentra- 
tions of salts indicate that the palatabil- 
ity of water is due to subthreshold sen- 
sations of salts or to the ionic effect. 
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Natural and Applied Fluoridation Census: 
Supplemental Report 


Task Group E5-10 


A supplemental report by Task Group E5-10—Committee on Fluorida- 


tion Materials and Methods. 


Both the initial report, published in the 


June 1952 Journal, and the supplementary material were presented on 
May 7, 1952, at the Annual Conference, Kansas City, Mo., by O. J. 
Muegge, Chairman; State San. Engr., Bureau of San. Eng., Madison, 


Wis. 


HE partial report by Task Group 

E5-—10—Committee on Fluorida- 
tion Materials and Methods, published 
in the June 1952 JouRNAL, included a 
list of fluoridation plant installations in 
operation in the United States and 
Canada on December 31, 1951, a cu- 
mulative summary by years of the 
number of installations and size of 
population served, the chemicals used 
and the methods of application, and the 
natural fluoride content of public water 
supplies. This supplemental report 
comprises the balance of the committee 
report. 


Installation Sequence 


The first 25 communal water works 
systems providing for dental caries 
control through fluoridation plant in- 
stallations, in order of installation, are 
given in Table 1. Three state schools 
must also be included in the recording 
of early fluoridation plant installations 
—the Southbury State Training 
School of Connecticut in April 1945 
and the Belcherton and Wrentham 
State Schools of Massachusetts in De- 
cember 1946. 


Fluoridation Chemicals 


Four chemicals are being used at 
present in water supply fluoridation. 
Sodium fluosilicate continues to be the 


cheapest chemical; the cost per mil- 
lion gallons is approximately one-half 
that of sodium fluoride or hydrofluoric 
acid and approximately one-third that 
of hydrofluosilicic acid. Because of its 
economy, most of the newer installa- 
tions are using sodium fluosilicate and 
a number of older fluoridation plants 
are changing over from sodium fluo- 
ride. Because data on the effective- 
ness of sodium fluosilicate in control- 
ling dental caries are not yet available, 
a few states discourage the use of this 
source of fluoride. Supply shortages 
in past years have also tended to dis- 
courage its use. 

Hydrofluosilicic acid, in spite of its 
greater cost, is also being favored for 
use at many new plants. Simplicity of 
operation, high concentration of fluo- 
ride, and avoidance of dust contribute 
to its popularity. The high concentra- 
tion of fluoride in this chemical re- 
quires most foolproof feed equipment 
to avoid overdosage or back-siphonage. 
Dilution of the acid with water hav- 
ing a hardness greater than 30 ppm 
has resulted in some problems because 
of a precipitation or jelling reaction. 
Corrosion by dilute acid is a serious 
problem, and consequently the use of 
dilute acid is not advocated by the 
committee. 
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Use of hydrofluoric acid is discour- 
aged by most state health departments 
because of its corrosiveness and the 
hazard to operating personnel. Use of 
this acid is limited to the initial instal- 
lation at Madison, Wis. A recent den- 
tal survey in that city has indicated 
dental caries control comparable to 
that obtained in other communities us- 
ing sodium fluoride. 

The use of ammonium fluosilicate is 
being advocated by one supplier. The 
effectiveness of this chemical is being 
studied by the U.S. Public Health 
Service. The cost would be compara- 
ble with that of sodium fluoride on the 
basis of available fluoride. The solu- 
bility is 19 per cent. Ammonium fluo- 
silicate is reported to be less subject 
to caking than sodium _fluosilicate. 
The effect of the ammonia in this 
compound on chlorination processes 
should be considered in comparing it 
with other fluoride-bearing compounds. 
Except for “hydrofluosilicic acid in 
some locations, no difficulty is being 
experienced at this time in obtaining 
the fluoridation chemicals. 


Fluoridation Equipment 


Information on the type of dry-feed 
unit was supplied for only 73 of the 
135 plants using such equipment. Of 
the 73 plants, 54 have a volumetric 
type of dry-feed unit and 19 have a 
gravimetric type. The gravimetric 
dry-ieed units are generally used on 
the larger installations. Eight of the 
109 sodium fluoride, solution-feed units 
are of the saturator type wherein a 
charge of chemical is placed in a tank 
through which the feedwater passes. 
Sufficient contact time is provided to 
produce a saturated solution, This 
procedure is suitable because of the 
very uniform solubility of sodium fluo- 
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ride over the temperature range en- 
countered in water works practice. 

Two installations using sodium fluo- 
silicate applied the chemical as a slurry 
with solution-feed equipment. Actu- 
ally, because of the low solubility of 
the fluosilicate, some of the larger dry- 
feed units are also applying this chemi- 
cal as a slurry or suspension. 


TABLE 1 


First Fluoridation Plant Installations 


City Date Installed 
Grand Rapids, Mich. 1/45 
Newburgh, N.Y. 5/45 
Brantford, Ont. 6/45 
Midland, Mich. 1/46 
Sheboygan, Wis. 2/46 
Marshall, Tex. 5/46 
Ottawa, Kan. 9/46 


Evanston, III. 2/47 


Lewiston, Idaho 6/47 
Elkhorn, Wis. 4/48 
Madison, Wis. 6/48 
Janesville, Wis. 2/49 
Beloit, Wis. 4/49 
Charlotte, N.C. 4/49 
Mukwonago, Wis. 5/49 
Baraboo, Wis. 5/49 
Antigo, Wis. 6/49 
Algonac, Mich. 9/49 
Stoughton, Wis. 9/49 
Ashland, Wis. 10/49 
Gainesville, Fla. 10/49 
Edgar, Wis. 11/49 
Richland Center, Wis. 12/49 
Ludington, Mich. 12/49 
Fort Atkinson, Wis. 12/49 


Reported costs of installation ranged 
from $400 to $1500 for solution-feed 
and from $500 to $12,000 for dry-feed 
equipment. Further analysis of cost / 
data is not warranted because of lack 
of detail on the individual installations. 


Plant Personnel Protection 


Nearly all states require the use of 
respirators and protective clothing by 
employees handling the fluoride chemi- 
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cals. An examination of the regula- 
tions which were forwarded with the 
returned questionnaires by 32 state 
health departments indicates that 11 
of the 32 states require dust collection 
or exhaust equipment with all dry-feed 
installations. One other state requires 
such equipment when the dry-feed unit 
contains a vibrator. Several other 
states recommend dust collection equip- 
ment. Of the 135 dry-feed installa- 
tions in operation, 51 have installed 
dust collection equipment. The com- 
mittee feels that dust collection equip- 
ment should be provided for all large 
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particularly because the bag loading 
valve is not tightly sealed. Small puffs 
of dust may be liberated while the bags 
are being handled. Because of the 
difficulty of installing dust collection 
equipment at truck unloading and stor- 
age points and the probable ineffective- 
ness of such equipment if installed, 
handling of the bags should be mini- 
mized by using movable storage racks. 
The wearing of dust respirators is con- 
sidered essential and the best protec- 
tion for the personnel handling the 
bags or chemicals, as respirators pro- 
tect against direct exposure to puffs 


TABLE 2 


Fluoride Concentrations 


Fluoride—mg /cu m 


Dust 


Unit Type 


Collector 


Before 
Loading 


Breathing 
Zone During 
Loading 


11-12-min 
Period After 
Loading 


30 min 
After 
Loading 


NaF solution 
NaF dry feed 
Naz SiF¢ dry 
Naz SiF dry 
Naz SiF 5 dry 


No 
Yes 
No 
No 
Yes 


0.78 
0.025 
0.08 
0.08 
0.08 


41.00 
8.89* 
3.50 
0.46 
9.20* 


0.119 


* Hoppers filled by pouring directly from bulk containers. In other plants, chemical transferred in small 
containers from bulk drums to feed hopper or solution tank. 


installations and also for small installa- 
tions if the liberation of excessive dust 
occurs. 

Studies conducted by the Industrial 
Hygiene Div. of the Wisconsin State 
Board of Health indicate that the ex- 
posure of employees to fluoride concen- 
trations in the air is well below the al- 
lowable exposure of 2.5 mg per cum 
continuously over an eight-hour day, 
five-day week. The fluoride concen- 
trations observed at a number of in- 
stallations are given in Table 2. 

The handling of the bags to and 
from storage is another source of dust, 


of dust. Dry sweeping of floors or 
dry dusting of equipment should be 
avoided. 


Fluoridation Plant Controls 


The controls over water supply fluo- 
ridation by the state health depart- 
ments are relatively uniform. Of 45 
states responding to specific inquiry, 
43 require approval of plans covering 
equipment and installation, 16 require 
supervision of plant operation by a 
licensed or registered operator, 39 re- 
quire daily tests of fluoride residuals, 
41 require periodic check analysis by 


a 
| 
min 
| Period 
| 3.70 1.60 
| 0.71 | 0.14 
= 0.06 | 008 | — 
| | | 140 | 036 | — 
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state’ or county health department lab- 
oratories, and 39 require reports on 
operation at monthly or weekly inter- 
vals. 

A review of regulations or approval 
policies of 30 states indicates that Le- 
fore approving installation of fluorida- 
tion equipment, 16 states require the 
adoption of an ordinance or resolution 
by the governing body of the munici- 
pality to be served, 18 require prior 
approval of local and medical groups, 
and 18 require approval in writing by 
the local health department. 

In view of past court decisions on 
similar matters, and the recent deci- 
sion of the Superior Court of San 
Diego on fluoridation in which it was 
held that the programs were a valid 
exercise of “police power,” if would 
appear that every water works utility 
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should have authorization or direction 
to apply fluorides by means of a reso- 
lution or ordinance of the governing 
body of the municipality served by the 
water system. This procedure is in 
complete accord with the policy of the 
American Water Works Assn. 


Program Approval 


The fluoridation of communal water 
supplies is now generally approved or 
permitted by all state health depart- 
ments. Of 45 states reporting, all 
permit such a dental caries control 
program. In these same states the 
program has been endorsed by 41 state 
dental and 33 state medical associa- 
tions. In 1951, approval of fluorida- 
tion was given by the American Medi- 
cal Assn. and the National Research 
Council. 


Correction 


In the “Tentative Standard Specifications for Gate Valves for Ordinary 
Water Works Service,” AWWA C500, which appeared in the September 1952 
JourNat, the italicized phrase below was omitted on page 864, Section 9.2.3. 
The last sentence in this section should be amended to read: 


At the manufacturer’s option (subject to 
purchaser's approval), monel made to Navy 
Specification 46MI may be used for wedging 
surfaces instead of Grade I bronze. 
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Water Fluoridation and Dental Research 
By Horace R. Frye and Iden N. Hill 


A paper presented on March 26, 1952, at the Illinois Section Meeting, 
Chicago, by Horace R. Frye, Supt., Water Dept., Evanston, IIl., 
and Iden N. Hill, Dentist, Zoller Memorial Dental Clinic, University 


of Chicago, Chicago. 


HE Evanston, IIl., dental caries 

study, to determine whether or 
not the addition of a minute amount 
of fluorine to the communal water sup- 
ply would reduce the incidence of den- 
tal caries in children, was started in 
1946. Several papers covering various 
phases of the project have been pub- 
lished in the Journal of Dental Re- 
search, but as yet no direct report has 
been made to the water works profes- 
sion. It is for this reason that the 


findings of the Evanston dental caries 
study, as they pertain to the water 
works group, are summarized in this 
paper. 

After comparing the high dental 
caries rate prevalent in Evanston, Oak 
Park, and Waukegan—all of which 


use water from fluorine-free Lake 
Michigan—with the much lower rates 
for cities using water containing 1-2 
ppm fluorine, Winston H. Tucker, 
commissioner of health of Evanston, 
late in 1944 called a meeting of local 
physicians and dentists to discuss the 
problem. Interest grew in the possi- 
bility of adding a fluoride to the drink- 
ing water, and a study of the effect 
of the treatment was proposed. 

The details of the steps taken to get 
the study underway will not be given, 
but it is important to note that all in- 
terested groups were in agreement and 
full cooperation was promised. These 
groups included the local dental and 


medical societies, the public and paro- 
chial school boards, the city council, 
the Illinois Dept. of Public Health, and 
the officials and school boards of the 
village of Skokie, which is supplied 
with Evanston water. The Walter G. 
Zoller Memorial Dental Clinic of the 
University of Chicago, under the di- 
rection of J. R. Blayney, agreed to 
participate in the study. 

It was decided to see what effect the 
addition of a minute amount of sodium 
fluoride to the communal water supply 
would have on the incidence of dental 
caries in Evanston and Skokie chil- 
dren. It was carefully explained to 
the Evanston citizens that nothing 
could be promised regarding the ulti- 
mate value of the program in the con- 
trol of tooth decay; that if such a pro- 
gram were to be undertaken it must 
be in the nature of an exhaustive 
study; and that it would be several 
years before data would be available 
to indicate what trend might be ex- 
pected. The study was begun in 1946 
after these preliminary explanations 
had been given. 


Dental Procedures 


The study began with the examina- 
tion of all school children in the 6-, 7-, 
8-, 12-, 13-, and 14-year age groups, 
in order to establish a base line before 
adding the sodium fluoride to the wa- 
ter. In addition, inasmuch as all such 
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studies should have a control city, the 
dental and medical professions, the 
health authorities, and the school 
boards of Oak Park offered to have 
their city serve in this capacity. 

The method by which sodium fluo- 
ride acts to reduce the incidence of 
dental caries is not definitely known. 
It was therefore advisable to plan the 
study with a view to obtaining as much 
information as possible. It was de- 
cided that the school children in the 
above-mentioned age groups would 
provide the best opportunity to assess 
the caries experience in the deciduous 
teeth and to study the initial caries at- 
tack rates of permanent teeth. These 
age groups provide the opportunity of 
appraising the rate at which caries pro- 
gresses in the various age levels during 
different time intervals following the 
introduction of sodium fluoride into the 
water. 

The study was planned to continue 
for a fifteen-year period. When at 
least one group reaches fourteen years 
of age (maximum in the study), the 
children will have been exposed to 
fluoridated water throughout their en- 
tire life—prenatal and postnatal (1). 

Dental examinations including six 
anterior radiographs and two to four 
posterior bite wing films are given 
to all children. All examinations are 
performed in the schools with adequate 
dental equipment and proper lighting. 
This schedule is arranged to allow am- 
ple time for a thorough examination. 
The same dentists interpret the caries, 
fillings, conditions of investing tissues, 
and cases considered immune. The 
opinion of at least two dentists is 
obtained before the final number of 
caries, fillings, and immune cases is 
determined. The findings of dental 
significance are transferred to coded 
sheets and this coded material is segre- 
gated and classified chronologically at 
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the Bureau of Vital Statistics, Dept. of 
Health, Springfield, Ill. All data have 
been evaluated by approved statistical 
methods. 


Laboratory Methods 


It is known that fluorine compounds 
are present in numerous foods. There- 
fore, it is advisable to know approxi- 
mately how much fluoride is being 
ingested in the diets of Evanston resi- 
dents. A chemist was placed on the 
staff to determine the fluorine in foods 
purchased locally. Chemical analyses 
were also undertaken to find the 
amount of fluorine occurring in teeth 
and bones. In addition, urine samples 


TABLE 1 


People in 32 States Having Access to Water 
Containing Natural Fluorides in 1946* 


No. of People Fluorine 
Having Access ppm 
2,658,211 0.5-0.8 
2,195,115 0.9-2.0 
626,177 2.1-3.0 
127,243 3.1-5.0 
40,151 5.1-higher 
5,646,897 


* 6,038 water analyses were submitted. 


were obtained and analyzed for fluo- 
rine over a period of two years. Fluo- 
rine determinations on water samples 
taken from the plant and the distribu- 
tion system are made daily. The Scott 
modification of the Sanchis method is 
used in determining the fluorine pres- 
ent in the daily water analysis (2). 
All other materials are analyzed by 
the method of Willard and Winter 
(3), as modified by the Assn. of Of- 
ficial Agricultural Chemists (4). 


Plant Procedures 


Sodium fluoride was chosen to sup- 
ply the fluoride ion because of its avail- 
ability at the time the study was 
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started, its high solubility, and its rea- 
sonable cost. The increased produc- 
tion of sodium silicofluoride in the past 
two years has given the water works 
operator a suitable fluoride compound 
at a lower cost, and many of the larger 
cities are using this chemical. There 
is no reason to believe that the fluoride 
ion would be less effective in the re- 
duction of tooth decay when supplied 
by sodium silicofluoride rather than 
sodium fluoride, but, as this assump- 
tion has not been verified by compara- 
tive studies, it was decided that Evans- 


FLUORIDATION 949 


machine. <A special dumping hopper 
which allows a barrel or drum to be 
inverted inside it was constructed over 
this pipe. When the door is closed, 
no dust can escape into the room, A 
bag type dust filter inside the canopy 
removes all dust and insures a high 
degree of safety for the operator.. As 
an added precaution, the operators are 
required to wear dust masks while 
handling the chemical. Shipments of 
sodium fluoride are taken off the 
trucks and piled on dollies which are 
taken to the second floor chemical 


TABLE 2 
DMF* Caries Rate of Permanent Teeth 


| Fluorine 
ppm 
} 


No. of j 
Examin- | 12 
ations 


No. of Caries per 100 Chidren 


Auroraft (1945-46) (entire 

life) 1.2 
Evanstont (1941) 0.0 
Oak Parkt (1941) 0.0 


Evanston (1946) 0.0 
Oak Park (1947) 0.0 


1226 
1020 
Evanston (1949) 1251 


1235 309. 364. 
673 3. : 793. 
329 907. 


1133.33 
1194.64 
1073.31 


* Decayed, missing, and filled teeth per 100 children. 


+ Data collected by Dean and associates (6, 7). 


t The examinations were made after the Evanston residents had been given fluorine-treated water for 23-34 


months, 


ton should continue to use sodium 
fluoride for the remainder of the fif- 
teen-year period. 

The facilities for feeding the chemi- 
cal at Evanston are not unusual, but 
are outlined for the use of those who 
may be contemplating the addition of 
a fluoride. A gravimetric feeder * is 
installed on the main floor of the chem- 
ical building. It is loaded through a 
12-in. steel pipe which extends to the 
chemical room floor directly above the 


*A product of the Omega Machine Co., 
Providence, R.I., was used. 


room by elevator. The bags or drums 
are stored on the dollies and are not 
handled until they are dumped into the 
machine. This system of chemical 
handling has proved very satisfactory 
both in eliminating the dust hazard and 
in minimizing the work. 

The chemical hopper, which is also 
enclosed in a dust-tight compartment, 
is mounted on scales. The feed mech- 
anism gradually throws the scale beam 
off balance, thus causing chemical to 
be discharged into the dissolving cham- 
ber at the desired rate. Any over- or 
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underfeeding causes an alarm to sound, 
warning the operator at once. A re- 
cording chart connected to the scale 
beam keeps a permanent record of the 
rate of feed. The dissolving chamber 
is equipped with water jets which keep 
the solution circulating, and, inasmuch 
as the discharge is at the top, no un- 
dissolved chemical can reach the clear 
wells. The solution travels by gravity 
from the machine to the point of appli- 
cation through a 2-in. rubber hose. 
The solubility of the sodium fluoride, 
the safety features built into the ma- 
chine, and the fact that the solution is 
applied at a point which requires cir- 
culation through several large clear 
wells before reaching the high-lift 
pumps make it impossible to apply 
toxic dosages of sodium fluoride to the 
distribution system. 


Dental Findings 


The questionnaires used in the Ev- 
anston dental caries study occasionally 
revealed that some of the children for- 
merly lived in areas in which fluorine 
was a natural constituent of the com- 
munal water. The authors thought it 
would be helpful to know the approxi- 
mate location of areas in which fluorine 
is prevalent in drinking water supplies, 
and in what strength, and also the 
number of people in this country who 
are drinking or who have access to a 
communal water supply in which fluo- 
rine is a natural constituent. 

To obtain this material, the chief 
sanitary engineer of each state and 
the District of Columbia was requested 
to report the fluorine concentration of 
the communal water supply in each 
city, town, and village in his state. 
The cooperation of these engineers was 
extremely gratifying. The information 
received showed that fluorides occur 
as a natural constituent of some of the 
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communal water supplies in 32 states, 
but that three areas in particular—[1] 
an area comprising Indiana, Ohio, and 
Illinois, [2] the South Dakota area, 
and [3] the state of Texas—have a 
heavier concentration of fluorides in 
their communal water supplies than 
any other sections of the country (5). 
It was also determined that there are 
municipalities having a high fluorine 
content in nine states; the greatest 
number is in Texas, and the next 
greatest in South Dakota. When this 
material was compiled in 1946, there 
were at least 5,646,897 people in the 


TABLE 3 


DM F* Rates in Permanent Teeth After 
Fluoride in Water 23-34 Months 


Age 

Year Exam- 12 13 14 

ined 
No. of Caries per 100 Children 
1946 1,701 | 763.16 |1,009.59 | 1,165.88 
1949 1,769 |681.99 857.02 | 1,086.84 
Reduction— 

per cent — seiniel 15.11 | 6.78 


* Decayed, missing, and filled teeth per 100 children. 
Tests conducted on Evanston children. 


United States who had access to a 
communal water supply containing 0.5 
ppm fluorine or more (Table 1). This 
number of people is approximately 4.3 
per cent of the entire population of 
the United States, and is 7.24 per cent 
of the total population (78,534,458) 
of these 32 states. There are 2,195,115 
people in the fluorine concentration 
bracket from 0.9 to 2.0 ppm, and 626,- 
177 people in the 2.1-3-ppm bracket. 
In a still higher concentration range 
of 3.1-5.0 ppm, there are 127,243 peo- 
ple. Municipalities having an unusu- 
ally high fluorine content—5.1 ppm 
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and higher—number only 25, and the 
number of people (40,151) exposed 
to this high level of fluorine is not 
great. 

In 1945 Dean and associates (6) 
conducted a dental survey in Aurora, 
Ill. Aurora at that time had a com- 
munal water supply containing fluorine 
as a natural constituent in a strength 
of 1.2 ppm. In 1941 Dean also exam- 


ined the teeth of children in Evanston 
and Oak Park (7) neither of which 
had fluorine in its communal water sup- 
The authors compared Dean’s 


ply. 
TABLE 4 
Fluorine Content of Soup* 


Soup Cannery Location 


Brand A 
Beef Noodle 
Ox Tail 
Chicken Noodle 
Scotch Broth 
Chicken Gumbo 
Pepper Pot 


Chicago 
Chicago 
Chicago 
Chicago 
Chicago 
Chicago 


Brand B 
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Vegetable 
Chicken Noodle 
Beef Noodle 
Gumbo Creole 


Medina, N. Y. (?) 
Pittsburgh, Pa. 
Pittsburgh, Pa. 
Medina, N. Y. 


Chicago 


Pepper Pot 


* The data were taken from “‘ Determination of Fluo- 
rine in Foods, Bones, and Teeth"’ (10). 


findings with the findings of the Ev- 
anston caries rate after the children 
had been exposed to an artificially fluo- 
ridated water for a period of 23 to 34 
months (Table 2). 

As Dean and his associates exam- 
ined only white public school children 
in Aurora and Oak Park at that time, 
the authors have compared only the 
white public school children from 
Evanston. Radiographic examinations 
were made in the Evanston study, and 
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some difference in the rates of inci- 
dence normally would be expected. 
The incidence or rate of dental decay 
among children in Aurora, however, 
is much lower than the rate of the 
Evanston school children. The 1946 
Evanston and the 1947 Oak Park rates 
are quite similar; however, the rate 
of the Evanston children in 1949, after 
a period of exposure to sodium fluo- 
ride of 23-34 months, is lower than the 
1946 and 1947 rates. 

Although only white school children 
were included in comparisons with 
other cities, in Evanston proper, all 
children in the given age groups from 
the public and parochial schools were 
included. Therefore, the rates given 
in Table 3 include all the children of 
proper age. 

The 1949 dental survey (Table 3) 
(8), conducted on 12-, 13-, and 14- 
year old Evanston school children after 
23-34 months of exposure to fluori- 
dated water, indicated a reduction of 
approximately 12.9 per cent in the 
caries experience of the permanent 
teeth when compared to the base line 
examinations of students in the same 
age groups. The lowered caries rate 
in the 1949 group of 12-, 13-, and 14- 
year old children was apparently due 
to the fluoridated water. <A reduc- 
tion was found in the permanent-teeth 
dental caries experience rates of all 
three age levels. The topical applica- 
tion of sodium fluoride, however, was 
not entirely ruled out. A determined 
effort was made to keep accurate rec- 
ords of its use. The frequent visits to 
the school by the dental team may be a 
factor influencing the students toward 
the practice of good oral hygiene and 
better care of their teeth. 

In March 1952 Hill (9) presented 
the results of examinations on 6-, 7-, 
and 8-year old Evanston children who 
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had been exposed to fluoridated water 
for a period of 47-58 months. Re- 
duction in number of decayed, miss- 
ing, and filled teeth per 100 children 
(DMF) of the permanent teeth was 
indicated in all three age groups. The 
average reduction for the group was 
46.42 per cent below the 1946 base 
line rate for the same age group. 


Occurrence of Fluorides in Foods 


It is known that fluorine compounds 
are present in numerous foods, the 
amount varying with the type and 


TABLE 5 


Fluorine Content of Fresh Vegetables Cooked 
in Water With and Without Fluorine* 


Fluorine—ppm 


Vegetable Treated Water 


0.6 1.0 2.0 5.0 


Carrots 0.14 | 0.17 | 0.81 | 1.75 | 3.61 
Beans 0.20 | 0.21 | 0.96 | 1.72 | 4.32 
Peas 0.22 | 0.28 | 1.22 | 2.02 | 3.86 
Spinach 0.84 | 1.00 | 2.02 | 2.85 | 4.99 
Cabbage | 0.23 | 0.29 | 1.13 | 1.88 | 4.92 


Beets 0.21 | 0.28 | 0.60 | 1.16 | 1.88 
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analyzed. In an attempt to explain 
this fact, some of the ingredients were 
analyzed. The results revealed chicken 
bones to contain 205 ppm fluorine, and 
vegetable protein, 1.8 ppm fluorine. 
The other soups contained sodium glu- 
tamate, which has a fluorine content of 
8.4 ppm fluorine. This may be an ex- 
planation of the higher fluorine con- 
tent of chicken soup. In an analysis of 
baby foods, Pablum was found to con- 
tain 11.2 ppm fluorine and Pabena, 
5.3 ppm fluorine. The fluorine con- 
tent of these foods may be due to the 


TABLE 6 


Fluorine Content of Fresh Vegetables Cooked 
in Water With and Without Fluorine* 


Fluorine—ppm 


Treated Water 


Vegetable 


0.0 1.0 2.0 5.0 


Carrots 0.14 | 0.18 | 0.51 | 0.69 | 1.02 
Beans 0.20 | 0.19 | 0.52 | 0.67 | 1.23 
Peas 0.22 | 0.25 | 0.84 | 1.08 | 1.52 
Spinach 0.84 | 0.76 | 1.13 | 1.63 | 2.81 
Cabbage | 0.23 | 0.23 | 0.55 | 0.79 | 1.03 
Beets 0.21 | 0.26 | 0.44 | 0.57 | 0.78 


*The vegetables were cooked by the saucepan 
method. All results were based upon fresh weight. 
The data were taken from ‘‘ Determination of Fluorine 
in Foods, Bones, and Teeth"’ (10). 


source of the foods. The foods ana- 
lyzed in the Evanston laboratory in- 
cluded soup, rice, baby foods, and 
cereals. A summary of Martin’s find- 
ings (10) is given in Table 4. In ob- 
taining materials to be analyzed for 
fluorine content (food, bones, and 
teeth) care was taken to use only those 
from Evanston and vicinity. 

Martin’s (10) explanation of the re- 
sults is as follows: “The analyses 
showed the chicken soups to be higher 
in fluorine content than the other soups 


* The vegetables were cooked in a pressure cooker. 
All results were based upon fresh weight. The data 
were taken from ‘‘ Determination of Fluorine in Foods, 
Bones, and Teeth" (10). 


bone meal they contain, which has a 
natural high fluorine content.” Mar- 
tin (10) gives further detailed analyses 
of the amount of fluorides found in 
bones and teeth. 


Fluorine Content of Vegetables 


In August 1947, Martin (11) con- 
ducted a study as a part of an investi- 
gation for the purpose of providing in- 
formation on the probable amount of 
fluorine ingested in the complete diet. 
An analysis of foods cooked in water 
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containing fluorides in various strengths 
was made. Briefly, Martin concluded 
that vegetables cooked in water con- 
taining fluorides do absorb fluorine in 
proportion to the fluorine content of 
the water. Also, vegetables that were 
cooked in a saucepan absorb more 
fluorine than vegetables cooked in a 
pressure cooker. Frozen vegetables 
absorbed more fluorine than fresh vege- 
tables when cooked in water contain- 
ing 5.00 ppm fluorine, but little differ- 
ence was noted when the fluoride con- 
centration of the water was 1.0-2.0 
ppm (Tables 5 and 6). 
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flushed, thus easily removing the scale. 
Gravity feed from the machine to the 
point of application is used in this in- 
stallation; however, when it is neces- 
sary to use an ejector in applying the 
solution, much faster scaling must be 
expected. 

Sodium fluoride can be purchased 
either in 100-lb paper bags or in 375-lb 
barrels or fiber drums. Although a 
savings of approximately 20 cents per 
100 Ib can be realized by purchasing 
in paper bags, caking has given some 
trouble when the chemical remains in 
storage for several months. The lumps 


TABLE 7 
Cost of Treatment With Sodium Fluoride at Evanston 


1947* 


1948 1950 1951 


1949 


3,879.817 
72,876 
10.35 
1.94 
80,000 (est.) 
0.094 


Treated—mil gal 

NaF Used—lb 

Avg. Cost per 100 Ib—$ 
Cost per mil gal—$ 

Pop. Served 

Cost per Person per Year—$ 


5,005.463 
88,612 


83,000 (est.) 


4,753.i15 
83,947 
10.99 
1.94 
88,441 
0.104 


4,763.272 
86,178 
10.56 
1.91 
86,000 (est.) 
0.106 


4,611.120 
81,213 
11.21 
1.97 
88,441 
0.103 


10.10 
1.79 


0.108 


* The fluoridation was started on Feb. 11, 1947. 


Plant Operation 


From the operation standpoint, so- 
dium fluoride has been a very satisfac- 
tory chemical to apply. It dissolves 
readily (saturated solution—4 per 
cent), which means that less water and 
smaller dissolving chambers may be 
used than for sodium. silicofluoride. 
It is only mildly corrosive—when tap 
water has a pH of 7.6, the water leav- 
ing the dissolving chamber has a pH 
of 7.7—but there is a gradual build-up 
of a hard, white scale, probably calcium 
and magnesium fluoride, on the inside 
of the solution lines. This problem 
has been solved, however, by using 
2-in. rubber hose for the solution lines. 
The hose is removed approximately 
once a year, and is flexed and then 


tend to clog the dry-feed machine and 
interrupt the flow of chemical. As no 
caking has occurred in the barrels or 
drums, all recent orders have been 
specified in drums. 

As shown in Table 7, treatment costs 
have remained fairly constant over the 
five-year period from 1947 to 1951. 
The average cost has been $1.91 per 
mil gal treated. Recent increases in 
shipping charges, however, will prob- 
ably bring the cost to something more 
than $2.00 per mil gal in 1952. Equip- 
ment purchase and installation costs 
have increased so much since 1947 that 
the cost of the Evanston installation 
would give little useful information to 
those contemplating fluoridation now. 
Maintenance costs have been so low 
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that they constitute a negligible factor. 
Labor could be prorated on the basis 
of the proportion of the operator’s time 
spent in handling the chemical. No ex- 
tra labor has been employed, however, 
and, inasmuch as one man operates the 
entire filter plant and all the chemical 
feeders, labor has not been considered 
in the cost of applying the fluoride. 
When the application of sodium 
fluoride was started, Feb. 11, 1947, 
daily water samples were taken at the 
filter plant and at eight scattered loca- 
tions on the distribution system. 
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ppm has been applied. Obviously, 
such close tolerances in the application 
of sodium fluoride must be maintained 
in order to insure the scientific validity 
of the overall study. 

An unusual operating procedure used 
at Evanston may be of interest. Un- 
like other water works chemicals, such 
as chlorine, alum, carbon, ammonia, or 
lime, which are lost or removed by the 
treatment process, sodium fluoride re- 
mains in the finished water in almost 
the exact proportions in which it is 
added. This is especially true when it 


TABLE 8 


Fluorine Concentration in Water the First Week Added* 


Fluorine—ppm 
Distribution 
Point 
2/11/47 2/12/47 2/13/47 2/14/47 2/15/47 2/17/47 
Lab. 0.05 0.95 1.00 0.95 1.00 1.00 
1 0.00 0.35 0.85 0.90 1.00 1.00 
3 0.00 0.43 0.80 0.90 1.00 1.00 
6 0.00 0.45 0.90 0.95 1.00 1.00 
8 0.00 0.80 0.95 1.00 1.00 1.00 
13 0.00 0.80 0.95 1.00 1.00 1.00 
14 0.00 0.15 0.75 0.85 0.90 0.95 
15 0.00 0.90 0.96 1.00 1.00 | 1.00 
4A 0.00 no test 0.50 0.80 0.90 0.95 
* All samples collected between 9:00 and 10:00 Am. 
Table 8 shows the fluoride concentra- is added to the filter effluent. During 


tion during the first week of operation. 
After the fourth day, the concentration 
at the extreme ends of the distribution 
system was almost identical to that 
found at the plant. This low loss of 
fluoride is shown even more strikingly 
in Table 9 which gives the number of 
analyses made during the five-year pe- 
riod of fluoridation. In all the tests 
made, an average loss of only 0.02 ppm 
is shown between the filter plant tap 
and the distribution system sampling 
points. This table also shows how 
closely the designated dosage of 1.00 


most of 1949 and 1950, extensive 
changes and additions were being made 
to the Evanston plant, and it was nec- 
essary to operate without the benefit 
of low-lift Venturi meters. Chemical 
dosages were set according to previ- 
ous records of low-lift pump capaci- 
ties in the various combinations. These 
rates were also checked with the high- 
lift pumpage rates and fluctuations in 
the clear-well levels. The best check 
on the calculated pumpage rates, how- 
ever, was the fluoride analysis of the 
tap water. By keeping the sodium 
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TABLE 9 
Fluoride Analysis of Evanston Water 


No. of Determinations 


Avg. F Content—ppm 


Variations in F Content 
at Plant Tap 


Filter 
Plant 
Taps 


Filter 
lant System 
Taps 


Distr. Days Over Days Under 
1.15 0.85 


Taps ppm 


1947 354 
1948 358 
1949 365 
1950 365 
1951 363 


Total 1,805 


1. 
1. 
1. 


1.02 ic | 


fluoride dosage constant, the authors 
were able to raise or lower the esti- 
mated pumpage rates to a fairly ac- 
curate figure. Although the fluoride 
determination is not recommended as 
a means of measuring water, even now 
that the new plant is complete, it is a 
convenient way of preventing large 
errors in the metering devices. 


Summary 

The purpose of the Evanston dental 
caries study was given full publicity in 
the newspapers, on the radio, and 
through all interested organizations 
that could be reached. No promises 
were made concerning the reduction in 
the caries rate, but cooperation was 
asked with the possibility of benefit to 
the children of the present generation. 
This procedure has resulted in practi- 
cally no opposition to the program. 

The results of the 1949 examinations 
of the 12-, 13-, and 14-year age group 
after 23-34 months of exposure to 
fluoridated water showed a reduction 
of approximately 12.9 per cent over the 
base line group. Although the results 
were inconclusive, a downward trend 
seemed to be indicated. 


The completion of the examinations 
of 6-, 7-, and 8-year old children in 
1951 after 47-58 months of exposure 
showed an average reduction of 46.42 
per cent in the caries rate of the perma- 
nent teeth. These results are con- 
sidered statistically significant. 

The analysis of foods showed that 
fluorine is a constituent of the daily 
diet of people in the study area. There 
was no appreciable difference in the 
amount of fluorine absorbed by frozen 
and fresh vegetables in water contain- 
ing 1-2 ppm of fluorine. Vegetables 
cooked in an open saucepan, however, 
do absorb more fluorine than those 
cooked in a pressure cooker. 

With proper feeding equipment and 
adequate laboratory control, the danger 
of overfeeding and the hazards to em- 
ployees are minimized. Application of 
sodium fluoride at Evanston has caused 
less maintenance and operating diffi- 
culty than any other water works chem- 
ical. Chemical cost during five-year pe- 
riod averaged $1.91 per mil gal treated, 
or 10.5 cents per person per year. 
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Problems in the Design and Operation of a 
Booster Pumping Station 


By R. L. Dobbin 


A paper presented on May 28, 1952, at the Canadian Section Meeting, 
Montreal, Que., by R. L. Dobbin, Gen. Mgr., Peterborough Utilities 


Com., Peterborough, Ont. 


N 1948, Peterborough, Ont., started 

construction of a new civic hospital 
on the high ground west and north of 
the city. This location presented a 
problem in water supply to the utilities 
commission, as the buildings were 1,500 
ft away from the nearest water main 
and at such an elevation that normal 
city water pressure would not furnish a 
satisfactory supply. In the preceding 
summer, during periods of heavy con- 
sumption, residential areas below the 


hospital had complained of poor pres- 


sure. Consequently, any new system 
had to include these areas. It was de- 
cided that the surest delivery would 
be obtained by using an elevated tank 
supplied through a booster pump from 
the nearest trunk main. The area to 
be supplied was 105 acres, or an esti- 
mated 525 dwellings. 

Because of the area to be fed, the 
elevated tank size was fixed at 60,000 
gal. The height of the tank was set to 
provide 20 psi pressure on the upper 
floor of the hospital. The supply is 
taken from a 14-in. trunk main, 3,900 
ft from the elevated tank. The booster 
station is located on public school prop- 
erty adjacent to the trunk main. An 
8-in. main feeds the elevated tank and 
adjacent residential areas. 


Construction 


The first step in the construction pro- 
gram was the laying of the 8-in. feeder 


main. This main, 3,900 ft long, is 
made of cast iron, Class 150, bell and 
spigot. A two-conductor, lead-covered 
cable was laid in the trench with the 
pipe to connect pump controls to tank 
controls. Underground cable was 
chosen because no pole lines existed in 
this area at the time. This foresight 
was wasted, however, for when the 
time arrived to use the cable, it had 
been broken in several places by the 
repeated excavations for water and 
sewer services in this new area, and it 
was not considered economical to lo- 
cate and repair the breaks. 

After the feeder main was laid, con- 
struction of the tank and pumphouse 
proceeded simultaneously. The con- 
crete foundations for the tank were con- 
structed by the commission’s forces. 
The height of the elevated tank above 
its foundations was 96 ft to the bottom 
of the tank and 115 ft to the top of the 
tank. 

The pumphouse was erected by the 
commission’s forces except for minor 
details. Foundations were of mono- 
lithic concrete and the superstructure 
was wood frame with brick veneer, in- 
sulated with rock wool and sheeted in- 
side with asbestos board. The roof 
was wood, of cottage type, with as- 
phalt shingles. Power for the pumps 
was supplied by underground cable at 
2,300 v to transformers in a protected 
enclosure on the ground floor. 
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Equipment 

The pumping equipment originally 
installed was one 500-gpm, two-stage 
centrifugal pump driven by a 40-hp, 
3-phase, 1,750-rpm induction motor. 
This capacity was chosen in order 
to provide a minimum of two fire 
streams. The pump on one end of the 
line and the tank on the other would 
usually make available four fire 
streams. The discharge was fitted with 
a tilting-disk check valve and a 4-in. 
crest meter. The pump is controlled 
by a pressure switch * located in the 
pumphouse. This switch is the mer- 
cury-tilt type combined with a time de- 
lay mechanism. The time delay is 
used on the start operation to prevent 
“hunting.” Gages were installed to 
indicate and record water pressure in 
the booster system. The building is 
heated in the winter by three I-kw elec- 
tric heaters. The maintenance man 
connects the number of heaters required 
each day when he makes his daily tour. 


Operating Difficulties 

This system was placed in opera- 
tion late in the fall of 1949 and func- 
tioned without appreciable difficulties 
at first, but troubles soon developed. 
One difficulty encountered was noise 
in consumer premises. Initially the 
noise was considered a small nuisance 
that only people with acute hearing 
could detect, and one to which they 
would soon become accustomed. As 
time went one, however, residents com- 
pared notes, and the complaints began 
to increase. The most serious came 
from consumers on the suction side of 
the pump, who were as much as 600 ft 
away from the pumphouse on a ring 
main system and on mains ranging in 
size from 5 to 14 in. The volume of 
noise in the house seemed to vary with 


* Tanktrol, a product of Automatic Control 
Co., St. Paul, Minn., was used. 
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the size of the water service. Some- 
times, however, the interior piping of 
the houses amplified the noise. 

It was found that the noise in the 
houses stopped when the cellar stop 
valve was closed, suggesting transmis- 
sion of vibration through the pipes. 
Dresser couplings with rubber gaskets 
were installed, therefore, in both suc- 
tion and discharge lines. These coup- 
lings provided flexible connections from 
pipes to pumps, but did not eliminate 
the noise. 

Next, it was found that throttling 
the pump from 500 to approximately 


Fig. 1. 125-gpm Pump Used for Normal 


Pumpage 
Pump ts installed with its own separate 
set of pressure controls, check valve, and 
2-in. water meter. 


175 gpm eliminated the noise nuisance. 
This condition was not satisfactory, 
however, because it reduced the avail- 
able pumping capacity for fire pur- 
poses. Experts examined the pump, 
listened to the sounds it produced in 
the houses, and decided there was some 
vibrating section in the pump, not de- 
tectable by normal tests, and that the 
pump should be changed. Before get- 
ting another pump, however, there were 
other problems to consider. 
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The two-stage, 500-gpm pump had 
a high shutoff head, and, combined 
with the positive pressure in the suc- 
tion line, created starting pressures of 
150 psi or 350 ft in the booster system. 
Inasmuch as the modern hot water tank 
is weak, this pressure was considered 
too extreme. To eliminate this prob- 
lem, an air cushion was placed in the 
line. This device, to be satisfactory, 
however, was too bulky for the build- 
ing and was discarded. <A _ pressure 
relief valve was then installed across 
the pump but it operated with such 
great noise that it was removed. 
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started from time to time. A second 
check, in series, proved a remedy. 

The main pumpage requirements of 
the district, consisting of the’ 250-bed 
hospital and 210 houses, have been 
supplied uneventfully by this arrange- 
ment to the present. 

The larger pump continued to pre- 
sent a problem, however. When the 
elevated tank was off the line, it was 
difficult to operate the large pump be- 
cause, in such a condition, this two- 
stage pump and its high shutoff head, 
operating directly into the distribution 
mains, would create excessive pressures 


Fig. 2. 500-gpm Pump Used for Fire and Heavy Pumpage Periods 
This supplementary pump is single stage and operates at 1,750 rpm. 


As the maximum daily pumpage was 
126,000 gal, it was decided to install, for 
the main volume of pumping, a 125- 
gpm pump (Fig. 1) that had been in 
storage and to use the larger pump only 
for fire. It was expected that the small 
pump would create little or no pres- 
sure surges in the main and would op- 
erate on a relatively low electric de- 
mand. The small pump was installed 
with its own separate set of pressure 
controls, check valve, and 2-in. water 
meter. As there was only one swing 
check valve on the discharge, chatter. 


that were not easy to control. The 
manufacturer was requested to supply 
a single-stage pump having a rela- 
tively low shutoff head. The manufac- 
turer, at no extra charge, supplied a 
new single-stage, 1,750-rpm pump 
rated at 500 gpm at 196 ft (Fig. 2). 
The shutoff head is 206 ft. The pres- 
sure problem was solved by this new 
pump, but the noise problem was only 
partially relieved. The noise in con- 
sumers’ dwellings was reduced, but not 
below the audible level. It was then 
assumed that the noise in the homes 
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was caused by high-velocity flow in the 
mains. 


Station Difficulties 


Other difficulties occurred in operat- 
ing the station. One extremely cold 
night frost action dropped open a 
bottom-hinged sash in the building. 
The cold air from this window froze 
the pump and seized the shaft. When 
the control energized the motor, the 
flow of current ruptured a lightly fused 
connection on the 2,300-v supply, cut- 
ting off all power. The equipment 
froze solid, but only some small piping 
was damaged. 

The pump controls, as they are the 
simplest type, do not always function 
with complete accuracy. Controls on 
the small pump have to be adjusted 
seasonally, spring and fall, to take care 
of the variation in operating tempera- 
tures. 

The control for the larger pump pre- 
sented a difficult problem. The velocity 
head at the pump created by a flow of 
500 gpm in the 8-in. discharge line 
was approximately 22 ft. Pressure 
settings for the tank, empty and full, 
varied approximately 11 ft. Static head 
to the low-water line of the elevated 
tank was 196 ft. When pressure in 
the trunk main feeding the pump was 
constant, the control functioned satis- 
factorily. In periods of heavy sum- 
mer draw, however, pressure in the 
trunk main fell, causing the suction 
pressure to drop, and, consequently, 
rate of pumpage fell, too, because of the 
higher head against which it was neces- 
sary to pump. Velocity head was re- 
duced so that the control would not 
shut off the pump, and so that the tank 
would overflow until the suction pres- 
sure increased. When the larger 
pump, normally used only for fire, 
starts up during periods of heavy 
pumpage, however, it is necessary that 
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it be switched off and on manually. 
This switching trips the relays, and 
the pump will not start again until a 
large draw occurs. A water pressure 
alarm switch was installed in the boiler 
room of the hospital, adjacent to the 
tank, to warn of high or low pressures. 

To relieve the small pump, the start-° 
ing impulse is given to the larger pump 
only when the water pressure drops ap- 
proximately 5 ft below the starting pres- 
sure of the small pump. This drop oc- 
curs only through failure of the small 
pump or heavy draws resulting from 
fire use. 


TABLE 1 
Booster Station, Tower, and Supply Main Costs 
60,000-gal. elevated tank 


Tank, supply, and erection $18,658.64 
Labor and materials for 
foundation and fence 1,169.57 
$19,828.21 
Booster pumping station 
Materials and equipment* 5,100.11 
Labor 1,514.22 
$ 6,614.33 
8-in. feeder maint 
Labor and materials $18,705.72 
Total $45,148.26 


* The figure given for the booster pumping station 
equipment does not include the cost of water meters, 
electric transformers, recording meter, or small pump. 

+ The feeder main is 3,900 ft long and connects the 
pumphouse and the tank. 


Costs 


In 1951 the pumps handled 44.68 
mil gal of water, of which 5 per cent 
went through the fire pump. The 
power cost for the year was $735. Heat 
and light cost $90, or a total of 2.2 
cents per 1,000 gal. A breakdown of 
the costs of the booster station, tower, 
and supply main is given in Table 1. 
The 250-bed hospital used 24 mil gal of 
water, or 263 gpd per bed. The 210 
houses used the remainder, or 270 gpd 
. per house. 
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Preparation of Recommended Procedure for 
Sealing Abandoned Wells 


Committee Report 


A report by Committee E4A—Deep Wells, presented on May 8, 1952, 
at the Annual Conference, Kansas City, Mo., by James C. Harding, 
Chairman; Comr. of Public Works, Westchester County, White 
Plains, N.Y. 


Committee on Deep Wells 


Louis J. ALEXANDER—Southern California Water Co., Los Angeles 

ALBERT C. FiepLER—U’. S. Geological Survey, Washington, D.C, 

James C. Harpinc—IVestchester County Dept. of Public Works, White Plains, N.Y. 
Ciype R. Harvitt—National Production Authority, Washington, D.C. 


Ancus D. HEeNpErRson—H ydrotechnic Corp., New York 


C. M. McCorp—Memphis Light, Gas, & Water Div., 


Memphis, Tenn. 


O. J. Muecce—State Board of Health, Madison, Wis. 

MAarcEL PEQUEGNAT—Kitchener Water Com., Kitchener, Ont. 
Leon A. Smitu—W ater Works & Sewerage Dept., Madison, Wis. 
C. M. Stan_ey—Stanley Eng. Co., Muscatine, lowa 

Reeves Newsom—lillage Mgr., Scarsdale, N.Y —Advisor 


HE Board of Directors of the 

American Water Works Assn. in 
January 1950 directed its Committee 
E4A—Deep Wells, to prepare specifi- 
cations for the sealing of wells. An in- 
vestigation of the subject was started 
immediately and in May 1950 a paper 
was presented at the Philadelphia Con- 
vention by ©. J. Muegge, member of 
this committee, entitled “Sealing Aban- 
doned Wells.” Criticisms of this paper 
were invited and the first draft of the 
“recommended procedure” was submit- 
ted to the Association at the Miami 
Convention in 1951, 

The first draft was sent to state 
health departments and other regu- 
latory agencies, and to well drillers, 
consulting engineers, and others whose 
opinions were particularly desired. 
Many answers were received and, as 


a result, a number of changes were 
found to be desirable. These changes 
are embodied in the final draft, which 
the Board of Directors has approved 
and is published as an “addendum” to 
specifications AWWA A100—Deep 
Wells (see p. 965, this issue). 

The addendum is not a true speci- 
fication but is rather a recommended 
procedure. This form was decided 
upon because of the breadth of the 
field of well construction, the multi- 
plicity of possible combinations of 
formations that wells penetrate, and 
because tools, equipment, and the 
“know-how” essential in the use of 
certain methods of sealing are not 
available in all sections of the coun- 
try. No worth-while single specifica- 
tion capable of sufficiently broad appli- 
cation could be prepared. 
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The committee feels the recom- 
mended procedure set forth sufficient 
information to enable an engineer or 
water works operator grounded in 
well supply work to select the meth- 
ods which apply to any particular well. 
This information should at least suf- 
fice to warn him of the pitfalls inherent 
in the sealing of certain types of wells 
and, as a result, he is more likely to 
call for skilled assistance if he is un- 
sure of his own qualifications. 

Inasmuch as most of the criticisms 
of the first draft of the recommended 
procedure came from experienced sani- 
tary engineers and well drillers who 
naturally think of the most difficult 
rather than the average job, it is pos- 
sible that the committee has overem- 
phasized the troubles which may be 
encountered in sealing wells. 

Before selecting a method for seal- 
ing abandoned wells, the engineer or 
water works operator should read the 
objectives of the recommended proce- 
dure several times. These objectives 
include : 

1. Eliminating physical hazard. 

2. Preventing contamination of 
ground water. 

3. Conserving yield and hydrostatic 
head of aquifers. 

4. Preventing intermingling of de- 
sirable and undesirable waters. 

The Committee on Deep Wells is 
grateful for the criticisms and sugges- 
tions sent it from many well-informed 
sources. The committee regrets that 
it was frequently necessary to disre- 
gard the suggestions, as many were 
applicable only to certain relatively 
rare types of wells, or to formations 
that do not occur widely in this coun- 
try. In addition, some of the recom- 
mendations were considered highly ar- 
gumentative. A few of the criticisms 
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and suggestions the committee did not 
adopt follow. 


Enforcement Provisions 


Several critics thought that there 
was little object in disseminating in- 
formation on the sealing of wells un- 
less the use of such information was 
made mandatory by rules and regula- 
tions, codes, or other instruments of 
law that would provide penalties for 
those not properly sealing abandoned 
wells. These critics felt that this com- 
mittee should formulate the enforce- 
ment provisions. They pointed out 
that the average well owner, public 
or private, will not spend money to 
“bury his dead horse” unless someone 
forces him to do it. This state of af- 
fairs is unfortunately true. After in- 
vestigating, the committee found that 
not more than two or three states, if 
any, adequately enforce the require- 
ment that abandoned wells be sealed. 

No enforcement provisions of na- 
tionwide applicability could be formu- 
lated because of the vast differences in 
conditions in the various states. Also, 
it is believed that the American Water 
Works Assn. is not the proper agency 
to formulate a code containing such 
provisions, the enforcement of which 
might depend on the laws of the indi- 
vidual state. The recommended pro- 
cedure sets forth information that is 
sufficient to enable the individual state 
regulatory body having jurisdiction or 
the Conference of State Sanitary En- 
gineers to draft, without too much diff- 
culty, an instrument of enforcement, 
such as a code, for the individual state. 
The committee suggests that this prob- 
lem is of sufficient importance to war- 
rant as prompt action as possible by 
these agencies. The American Water 
Works Assn. should help in the prep- 
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aration of the codes if called upon, 
and the local sections might well assist 
in the passage of needed legislation. 


Definition of Abandoned Well 


The committee did not consider it 
feasible to make any general statement 
on when a well should be considered 
abandoned, as the determination should 
be based on conditions peculiar to the 
individual well. One state health de- 
partment suggested that a well be con- 
sidered abandoned when maintenance 
and operation stop and are not re- 
sumed within a period of one year. 
The committee does not concur. A 
farmhouse or factory might well stand 
idle for much longer than a year but 
would still need its water supply when 
it reopened. Many municipalities, in- 
cluding New York City, have well 
fields that are operated only when the 
yield of surface supplies is insufficient 
to meet demands. The wells may not 
be operated for several years and main- 
tenance may be unnecessary. Good 
practice demands, of course, that, if 
there is any prolonged period of doubt 
whether or not to abandon the well, 
the top should be temporarily plugged 
in a substantial manner with a screw 
cap or welded plate. 


Economic Aspects 


A prominent consulting engineer has 
observed that, in recommending clay or 
sand as a sealing material for certain 
types of wells, the committee is mak- 
ing “a sop to financial rather than pub- 
lic health and welfare reasoning.” A 
well-known driller who takes the other 
side states, however: “The difficulty 
usually encountered in sealing wells is 
from the customer not wanting to 
stand the expense of adequate sealing 
of abandoned wells. For this reason, 
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it must be kept as simple and inex- 
pensive as possible.” The committee 
is inclined to agree with the driller, 
at least until such time as the practice 
of sealing abandoned wells becomes the 
rule rather than the exception. 


Mandatory Grouting 


Many critics expressed the opinion 
that wells should always be grouted 
for their entire depth with grout or 
neat cement. Some even recommended 
that this grouting should always be 
done by the pressure method. The 
committee considers both the filling of 
the entire depth of all wells with con- 
crete and the grouting by the pressure 
method unnecessary and too expensive 
when the problem of well sealing is 
viewed from a broad standpoint. A 
leading well-drilling company stated: 
“Not one out of a hundred of the most 
competent well drillers in the country 
is equipped with pumps, tools, tanks, 
appurtenances, or experienced opera- 
tors to do a real job of pressure ce- 
menting an old well.” 


Expert Advice 


Under many circumstances, the rec- 
ommended procedure recommends that 
a competent well driller or consulting 
engineer be employed, or that the serv- 
ices of a representative of the state 
health department be obtained. Some 
critics even recommend this procedure 
for every well-sealing job. Except 
for difficult operations, this procedure 
would entail an unnecessary expendi- 
ture. It is doubtful whether most state 
health departments are sufficiently 
staffed to service a large number of 
requests. Also, the committee feels 
that many consultants and health de- 
partment engineers could not handle a 
complicated well-sealing job. 
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Preliminary Information 


Several authorities have expressed 
the opinion that considerable study 
and expense should be undertaken to 
secure accurate information on the 
construction of the well, including 
depth of casings and their conditions, 
location of crevices, and nature of for- 
mations. The committee feels that if 
such information is available, it should 
be carefully studied, and that informa- 
tion should also be obtained on the 
general characteristics of nearby wells. 
It would appear, however, that expen- 
sive investigations, including caliper 
surveys, photographing, and_ electric 
logging, as some have proposed, are 
generally unwarranted. 

Before sealing an abandoned well, 
it is almost always good practice to 
run a bailer or string of tools to the 
bottom to make sure that there are no 
obstructions which might cause bridg- 


ing of the sealing material. 


Oil Wells and Mine Shafts 


It has been said that the recom- 
mended procedure should also include 
methods for sealing oil wells and mine 
shafts. It is realized that there is fre- 


COMMITTEE REPORT 


Jour. AWWA 


quently grave danger that these sources 
will contaminate aquifers of potable 
water. The methods, equipment, and 
personnel that would be used for work 
of this kind, however, would only oc- 
casionally be comparable to those nor- 
mally used for the sealing of water 
wells. Furthermore, the sealing of oil 
wells and mine shafts, except in very 
rare instances, comes outside the duties 
or capabilities of the water works en- 
gineer or operator. 


Conclusion 


In preparing the recommended pro- 
cedure for sealing abandoned wells, it 
was not the intention of the committee 
to describe all methods and materials 
that could be used advantageously. In 
all probability, many experienced drill- 
ers and engineers have found other 
methods and materials that, in particu- 
lar jobs, have worked better than those 
set forth by the committee. The com- 
mittee feels, however, that it has cov- 
ered the ground for broad general us- 
age. Inasmuch as this is a pioneer 
treatise on a subject about which little 
has been published, revision and am- 
plification will probably be necessary. 
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AWWA Al100-52 
(Formerly 4A.1) 


Addendum 
Standard Specifications for Deep Wells 


Introduction 


The “Standard Specifications for Deep Wells” were adopted by the Board 


of Directors of AWWA on May 10, 1946. 


These specifications were prepared 


by Committee E4A, which was asked by the Board of Directors in January 


1950 to prepare a specification for the sealing of abandoned wells. 


The follow- 


ing is a “recommended procedure” rather than a “specification” and constitutes 


Sec. Al3 of the “Standard Specifications for Deep Wells.” 


Al3— 


Section 


Sealing Abandoned Wells—was adopted by the AWWA Board of Directors on 


June 18, 1952. 


Section Al3—Sealing Abandoned Wells 


Sec. A13.1—General 


Unsealed abandoned wells constitute 
a hazard to public health and welfare. 
The sealing of such wells presents a 


number of problems, the character of 
which depends upon the construction 
of the well, the geological formations 
encountered, and the hydrologic con- 


ditions. To seal an abandoned water 
well properly, several factors must be 
considered: [1] eliminating physical 
hazard; [2] preventing contamination 
of ground water; [3] conserving yield 
and hydrostatic head of aquifers; and 
|4] preventing intermingling of desir- 
able and undesirable waters. 

The basic concept of proper sealing 
of abandoned wells is the restoration, 
as far as feasible, of the controlling 
geological conditions that existed be- 
fore the well was drilled or con- 
structed. If this restoration can be 
accomplished, all the objectives of 
sealing wells heretofore presented will 
be adequately fulfilled. 

To seal an abandoned well properly, 
the type of occurrence of the ground 
water at the particular well to be sealed 
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must be recognized. If the ground 
water occurs under water table condi- 
tions, the chief problem is that of seal- 
ing the well with impermeable material 
to prevent the percolation of surface 
water through the original well open- 
ing or along the outside of the casing 
to the water table. If the ground wa- 
ter occurs under artesian conditions, 
the sealing operations must confine the 
water to the aquifer in which it occurs, 
thereby preventing loss of artesian 
pressure by circulation of water to the 
surface, to a formation containing no 
water, or to one containing water 
under a lower head than that of the 
aquifer being sealed. 

Usually a well should be checked be- 
fore it is sealed in order to insure free- 
dom from obstructions that may inter- 
fere with effective sealing operations. 
This check is especially important in 
wells that may conduct contaminated 
or otherwise objectionable water into 
aquifers yielding potable waters. Re- 
moval of liner pipe from some wells 
may be necessary to assure placement 
of an effective seal. If liners or cas- 
ings opposite water-bearing zones can- 
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not be readily removed, they should be 
split with a casing ripper to assure the 
proper sealing of water-bearing zones 
with the sealing material. At least the 
upper portion of the casing should be 
removed to prevent surface water from 
entering the water-bearing strata by 
following down the casing. This op- 
eration is not always essential if the 
annular space around the outside of 
the casing was cemented when the well 
was drilled. 

Concrete, cement grout, or neat ce- 
ment, when used as a sealing material 
below the water level in the well, 
should be placed from the bottom up 
by methods that will avoid segregation 
or dilution of material. Piping ce- 
menting materials directly to the point 
of application or placement by means 
of a dump bailer or tremie is recom- 
mended. Other sealing materials re- 
ferred to hereafter, except mud-laden 
or special clay fluids, can, as a rule, be 
gradually introduced into the top of 
the well. 

Employment of a competent well 
driller to accomplish sealing of a deep 
or flowing well or one in creviced for- 
mation will usually be advisable. The 
driller should be equipped to remove 
obstructions interfering with sealing 
operations and to provide for placing 
the sealing materials in the most effec- 
tive manner. His knowledge of well 
construction and the geological condi- 
tions of the region will be valuable in 
the proper abandonment of a well just 
as it is in the construction of a new 
well. It may be advantageous to call 
in a consulting engineer or a represent- 
ative of the state health department or 
other department having jurisdiction. 

The recommendations contained 
herein pertain to wells in consolidated 
and unconsolidated formations, to 
those of small or large diameter, to 
test wells, and to so-called “stovepipe 
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wells.” Each sealing job should be 
considered as an individual problem 
and methods and materials should be 
determined only after carefully consid- 
ering the objectives outlined in the first 
paragraph of this section. 


Sec. A13.2—Wells in Unconsolidated 
Formations 


(See Appendix, Sec. A4, Types 
1-5.) Abandoned wells extending 
only into unconsolidated formations 
near the surface and containing water 
under water table conditions normally 
can be adequately sealed by filling with 
concrete, grout, neat cement, clay, or 
clay and sand. In the event the water- 
bearing formation consists of coarse 
gravel and producing wells are located 
nearby, care must be taken to select 
sealing materials that will not affect 
the producing wells. Concrete may be 
used if the producing wells can be shut 
down for a sufficient time to allow the 
concrete to set. Clean, disinfected 
sand or gravel may also be used as 
fil material opposite the water-bearing 
formation. The remainder of the well 
and always the upper portion should 
be filled with clay, concrete, grout, or 
neat cement to exclude surface water. 
The latter method, using clay as the 
upper sealing material, would be es- 
pecially applicable to large-diameter 
abandoned wells. 

In gravel-packed, gravel-envelope, 
or other wells in which coarse mate- 
rial has been added around the inner 
casing to within 20-30 ft of the sur- 
face, sealing outside the casing is very 
important. Sometimes this sealing 
may require removal of the gravel or 
perforation of the casing. 


Sec. A13.3—Wells Extending Into 
Creviced Rock Formations 


(See Appendix, Sec. A4, Types 
8-10.) Abandoned wells that pene- 
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trate limestone or other creviced or 
channelized rock formations lying im- 
mediately below the surface deposits 
should preferably be filled with con- 
crete, grout, or neat cement to assure 
permanence of the seal. The use of 
clay or sand in such wells is not de- 
sirable because fine-grained fill mate- 
rial may be displaced by flow of water 
through crevices or channels. Alter- 
nate layers of coarse stone and con- 
crete may be used for fill material 
through the water-producing horizon 
if limited vertical movement of water 
in the formation will not affect the 
quality or quantity of water in pro- 
ducing wells. Only concrete, neat ce- 
ment, or grout should be used in this 
type of well as seal material in that 
portion of the well between a point 
10-20 ft below and a point above the 
bottom of the casing, and also to form 
a plug above the creviced formation. 


Clay or sand may be used to fill the 
upper part of the well. 


Sec. A13.4—Wells Extending Into 
Noncreviced Rock Formations 


(See Appendix, Sec. A4, Types 6 
and 7.) Abandoned wells encounter- 
ing noncreviced sandstone or other 
water-hearing consolidated formations 
below the surface deposits may be sat- 
isfactorily sealed by filling the entire 
depth with clay, provided there is no 
movement of water in the well. Clean 
sand, disinfected if other producing 
wells are nearby, may also be used 
through the sandstone up to a point 
10-20 ft below the bottom of the cas- 
ing. The upper portion of this type 
of well should be filled with concrete, 
neat cement, grout, or clay to provide 
an effective seal against entrance of 
surface water. If there is an appre- 
ciable amount of upward flow, pres- 
sure cementing or mudding may be 
advisable. 
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Sec. A13.5—Wells Extending Into 
More Than One Aquifer 


Some special problems may develop 
in sealing wells extending into more 
than one aquifer. These wells should 
be filled and sealed in such a way that 
exchange of water from one aquifer to 
another is prevented. If no appreci- 
able movement of water is encoun- 
tered, filling with concrete, neat ce- 
ment, grout, or alternate layers of 
these materials and sand will prove 
satisfactory. When velocities are high, 
the procedures outlined in Sec. A13.6 
are recommended. If alternate con- 
crete plugs or bridges are used, they 
should be placed in known nonproduc- 
ing horizons, or at frequent intervals 
when location of the nonproducing 
horizons is not known. Sometimes, 
when the casing is not grouted or the 
formation is noncaving, it may be nec- 
essary to break or slit the casing to 
fill any annular space on the outside. 


Sec. A13.6—Wells With Artesian 
Flow 


(See Appendix, Sec. A4, Type 11.) 
The sealing of abandoned wells that 
have a large movement of water be- 
tween aquifers or to the surface re- 
quires special attention. Frequently 
the movement of water may be suffi- 
cient to make sealing by gravity place- 
ment of concrete, cement grout, neat 
cement, clay, or sand impractical. In 
such wells, large stone aggregate (not 
more than one-third of the diameter 
of the hole), lead wool, steel shavings, 
a well packer, or a wood or cast-lead 
plug or bridge will be needed to re- 
strict the flow to permit the gravity 
placement of sealing material above 
the formation producing the flow. If 
preshaped or precast plugs are used, 
they should be several times longer 
than the diameter of the well to pre- 
vent tilting. 
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Inasmuch as it is so important in 
wells of this type to prevent circula- 
tion between formations or loss of wa- 
ter to the surface or to the annular 
space outside the casing, it is recom- 
mended that pressure cementing with 
neat cement and the minimum quantity 
of water that will permit handling be 
employed. The use of pressure mud- 
ding instead of this process is some- 
times permissible. 

In wells in which the hydrostatic 
head producing flow to the surface is 
low, the movement of water may be 
arrested by extending the well casing 
to an elevation above the artesian pres- 
sure surface. Previously defined ap- 
plicable sealing methods to fit geologi- 
cal conditions can then be used effec- 
tively. 


Sec. A13.7—Sealing Materials 


A number of materials for sealing 
wells satisfactorily, including concrete, 
cement grout, neat cement, clay, sand, 
or combinations of these materials, are 
mentioned herein. Each material has 
certain characteristics and distinctive 
properties; accordingly, one material 
may be especially suited for doing a 
particular job. The selection of the 
material must therefore be based on 
the construction of the well, the nature 
of the formations penetrated, the mate- 
rial and equipment available, the loca- 
tion of the well with respect to possible 
sources of contamination, and the cost 
of doing the work. 

Concrete is generally used for filling 
the upper part of the well or water- 
bearing formation, for plugging short 
sections of casings, or for filling large- 
diameter wells. Its use is cheaper than 
neat cement or grout and it makes a 
stronger plug or seal. If not properly 
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placed, however, the aggregate is apt 
to separate from the cement, and con- 
crete will not penetrate seams, crev- 
ices, or interstices. 

Cement grout or neat cement and 
water are far superior for sealing small 
openings, for penetrating any annular 
space outside of casings, and for filling 
voids in the surrounding formation. 
When applied under pressure, it is 
strongly favored for sealing wells un- 
der artesian pressure or those encoun- 
tering more than one aquifer. Neat 
cement is generally preferred to grout 
as it avoids the danger of separation. 

Clay as a heavy mud-laden or spe- 
cial clay fluid applied under pressure 
has most of the advantages of cement 
grout and its use is preferred, particu- 
larly for sealing artesian wells, by 
many competent authorities, but others 
feel that it may, under some conditions, 
eventually be carried away into the 
surrounding formations. 

Clay in a relatively dry state, clay 
and sand, or sand alone may be used 
advantageously, particularly under wa- 
ter table conditions where diameters 
are large, depths are great, formations 
are caving, and there is no need of 
achieving penetration of openings in 
casings, liners, or formations, or of 
obtaining a watertight seal at any given 
spot. 

Frequently combinations of these 
materials are necessary. The more 
expensive materials are used when 
strength, penetration, or watertightness 
is needed, the less expensive materials 
being used for the remainder of the 
well. Cement grout or neat cement is 
now being mixed with specially proc- 
essed clays and with various aggre- 
gates. Superior results and economies 


are claimed for such mixtures. 
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These “Specifications for Steel Pipe Flanges” 
are based upon the best known experience and are 
intended for use under normal conditions. They 
are not designed for unqualified use under all con- 
ditions and the advisability of their use for any in- 
stallation must be subjected to review by the engi- 
neer responsible. 
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Section 


This standard was developed by a joint committee of the American Water 
Works Assn. and the American Society of Mechanical Engrs. which began its 
work in 1945. The scope of the project was described as follows: 


1. The establishment of agreement as to the correct engineering basis for the 
design of bolted flanged connections in the low-pressure, low-temperature field. 
2. The establishment of dimensional standards in the field required by the 
American Water Works Assn., such that they would be acceptable also to the 
American Society of Mechanical Engineers Boiler Code Committee and, ulti- 
mately, to the American Standards Assn. 


Joint Committee Personnel 
F. S. G. WitttaMs, Chairman 


AWWA ASME 
R. E. BARNARD D. B. RossHEIM 
Martin ETTINGTON N. O. Smitru-PETERSON 
S. A. Evans E. O. WATERS 
H. O. Hitt D. B. WEsstrom 
S. L. Kerr F. S. G. WILLIAMs 


In its extensive deliberations the committee had available the results of spe- 
cial research by industry representatives. 

When the report of the joint committee was approved in 1951, it was agreed 
by ASME Secretary Davies that the standard should be processed and published 
by the American Water Works Assn. as an AWWA Standard. 

For such further investigations as the subject may require, an AWWA Com- 
mittee has been appointed to act under the Chairmanship of H. O. Hill. Serv- 
ing with Mr. Hill are R. E. Barnard, Martin Ettington, S. A. Evans, S. L. 
Kerr, and F. S. G. Williams. 


Copyrighted as part of the October 1952 Journal American Water Works Association 
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Tentative Standard Specifications for 
STEEL PIPE FLANGES 


Introduction 


Steel flanges have been used on steel 
pipe in the water works field since the 
first riveted steel water supply lines 
were installed with flanges attached by 
riveting. Unofficial flange standards, 
such as the riveted pipe manufacturer’s 
standards, have been in common use for 
50 years or more. Steel plate ring 
flanges and rolled angle flanges to 
match the drilling of existing cast valves 
and cast fittings have also been em- 
ployed extensively. 

The greatly increased usage of steel 
pipe for water works service during re- 
cent years has made standardization 
desirable. The first step toward this 


standardization was taken in 1942 by 


the Technical Standards Committee of 
the Steel Water Pipe Manufacturers 
Technical Advisory Committee to the 
American Water Works Assn. In 
June of that year a paper,* in which 
standards for slip-on steel ring flanges 
for welding to steel water pipe were 
proposed, was presented at the annual 
convention of the American Water 
Works Assn. 

In 1945 at the request of the Ameri- 
can Society of Mechanical Engineers, 
a joint committee having representation 
from both that society and the Ameri- 
can Water Works Assn. was formed. 
The problem before this committee was 
that of establishing standard steel 
flanges having dimensions and pres- 
sure ratings commensurate with the 


* Hit, H. O.; Lewis, W. W.; & Easter, 
H. J. Fabricated Steel Ring Flanges for 
Water Pipe Service for Low Pressures and 
Low Temperatures. Jour. AWWA, 36:968 
(Sept. 1944). 


pressures commonly encountered in 
water works service. Such standards 
are necessary because the existing low- 
est pressure standards for steel flanges 
are those having cold water service 
ratings of 230 psi (ASA Bl6e6, 150 
psi primary service rating) which is 
far higher than is ordinarily needed in 
water service. 

The generally accepted rules for the 
design of bolted flanged connections 
embrace all flelds of usage and a wide 
range of pressure and temperature ap- 
plications. In water works practice, 
within the scope of this standard, it is 
not necessary to deal with tempera- 
tures above the atmospheric range, and 
it is possible to restrict consideration to 
joints with soft gaskets and to flanges 
that are flat-faced. The designs were 
prepared in conformity with these limi- 
tations. 

The object of the committee was to 
develop the proportions of a flanged 
joint utilizing slip-on steel flanges, with 
and without hubs, that are welded to 
steel pipe, and a sealing gasket inside 
the bolt circle made of j-in. thick 
cloth-inserted rubber. 

Inasmuch as the welding-neck flange 
for butt welding to pipe is unusual in 
water works service, it was not felt 
necessary to provide standard dimen- 
sions for this type, but they may be 
used for Class E in accordance with the 
footnote under Table 3. , 

The committee gave careful con- 
sideration to the following: [1] the 
effect of new standards on existing 
equipment ; [2] the fact that cast valves 
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TABLE 1 
AWWA Standard Steel Ring Mange,” © Class act and Class ill 


Diam. of Bolts—in. 


Thickness of Flange—in. 


Diam. of 


Size ‘lange Circle | . 
in. in. Bolts C—in. ass B D 


Nominal 
Number 


Class D 


* The shisha should specify the inside diameter of oem B. It is recommended that this dimension be 
is in, larger than the nominal outside diameter of the pipe. 

Water service rating at atmospheric temperature is 86 psi. These flanges have the same outside diameter 
and drilling as ASA B16b2 (25 psi cast-iron standard). They also have the same outside diameter, bolt circle, and 
number of bolts as Class 125 cast-iron flanges (ASA B16.1) but use smaller bolts. 

t Water service rating at atmospheric temperature: sizes 6 to 12 in., inclusive, 175 psi; sizes larger than 12 in., 
150 pai. These flanges have the same diameter and drilling as Class 125 cast-iron flanges (ASA B16.1). In sizes 
24 in. and smaller they also match the ASA B16e 150-psi standard for steel flanges. 


and fittings will always have flanges of 
large outside diameter, which cannot 
be reduced because of the wall thick- 
ness of such equipment; [3] the need 
for interchangeability of equipment 
through the medium of common drill- 
ing templates; and [4] the fact that 
standards could be based on the suc- 


cessful usage and good service records 
of existing installations. 

A survey of water works users indi- 
cated that in sizes 48 in. and smaller 
it was desirable to maintain the outside 
diameter and drilling of flanged fittings 
and valves given in_ specification 
AWWA C500 and ASA B16.1. The 
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TABLE 2 
AWWA Standard Steel Hub Flanges*, Class Bt and Class Dt 


Diam. of Bo!ts—in. 


Number Diam. ot 


ot 


Bolts 


Flange Dimensions for 
Class Band D—in. 


Length 
Class D Thickness | Through Diam. of 
7 Hub 


Hub 


1 
1 


3 
4 
3 
4 
3 
4 
3 
4 


| 


ee 


51 


* The purchaser should specify the inside diameter of flange B. It is recommended that this dimension be 
#« in. larger than the nominal outside diameter of the pipe. 

Vater service rating at atmospheric temperature is 86 psi. These flanges have the same outside diameter 
and drilling as ASA B16b2 (25 psi cast-iron standard). They also have the same outside diameter, bolt circle, and 
number of bolts as Class 125 cast-iron flanges (ASA B16.1) but use smaller bolts. 

¢ Water service rating at atmospheric temperature: sizes 6 to 12 in., inclusive, 175 psi; sizes larger than 12 in., 
150 psi. These flanges have the same diameter and drilling as class 125 cast-iron flanges (ASA B16.1). In sizes 
24 in. and smaller they also match the ASA Bi6e 150-psi standard for steel flanges. 


committee is continuing its work and 
will establish suitable dimensions for 
sizes up to 120 in. 

The following AWWA standards are 
based on the establishment of two types 


of flange cross sections—the ring type 
slip-on flange (Table 1) and the hub 
type slip-on flange (Tables 2 and 3)— 
which may be used interchangeably if 
the dimensions given in the standards 
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TABLE 3 
AWWA Standard Steel Hub we Class E* 


Drilling Flange Dimensions—in. 


Nominal 
Size “lang J . | Diam. of | Diam. of | Thicknes ee | Diam. of 
in. “in. 0. Ol | Bolts Bolt Circle — 

| ub E 


| 


an 


a? 


ow 


DIMA Dien 


10 
12 
14 


16 
18 
20 
24 


26 
28 
30 
32 


34 
36 


42 : 
48 1 52} 


* Water rating at atmospheric temperature is 230 psi. These flanges have the same diameter and drilling 
as Class 125 cast-iron flanges (ASA B16.1). In sizes 24 in. and smaller they also match the ASA Bi6e 150-psi 
standard for steel flanges. 

+ The purchaser should specify the inside diameter of the flange for nominal pipe sizes 26 to 48 in., inclusive. 
It is recommended that this ee be ii in. larger in diameter than the nominal outside diameter of the pipe. 
Welding neck flanges may be used if desi 
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are used. It is assumed that either 
type is attached to the pipe by fillet 
welds located on the face and back of 
the flange. The user of these stand- 
ards is free to select the type. 

The committee was greatly aided 
by special research and testing con- 
ducted by Armco Steel Corp., Bethle- 
hem Steel Co., and Taylor Forge and 
Pipe Works. The flange proportions 
established in the tables of these stand- 
ards represent the best judgment of 
this committee and embody both re- 
search and experience. 


Sec. 1—Scope 

Flanges in this standard are in- 
tended for use with steel pipe meeting 
the requirements of specifications 


AWWA C201 and C202, and ASTM 
A-134, A-139, and A-211, or other 
equivalent specifications. 


Sec. 2—Pressure Ratings 

The following pressure ratings ap- 
ply to flanges covered by this standard : 

Class B—Flanges suitable for hy- 
draulic pressures up to and including 
86 psi. This rating is identical with 
that for Class B cast-iron pipe for a 
200-ft. head of water. 

Class D—Flanges suitable for hy- 
draulic pressures as follows: sizes 6 
to 12 in., inclusive, 175 psi; sizes larger 
than 12 in., 150 psi. These ratings are 
identical with those given in AWWA 
C500 and ASA B16.1 for cast-iron 
flanged valves and flanged fittings. 

Class E—Flanges suitable for hy- 
draulic pressures up to and including 
230 psi, a rating which agrees with the 
ASA Bl6e, 150 psi standard at 100 F. 
The dimensions are identical with the 
150 psi ASA standard sizes 24 in. and 
smaller, except flat-faced (see Sec. 6 
herein). 

The ratings are for water pressures 
under conditions and temperatures cus- 
tomary in water works service. The 
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design pressure should include antici- 
pated allowance for surge pressures. 
Test pressure for equipment using 
flanges in this standard shall not ex- 
ceed 150 per cent of the service pres- 
sure ratings given above. 


Sec. 3—Sizes 

The sizes of the flanges in Tables 1, 
2, and 3 are identified by the corre- 
sponding “nominal pipe size.” 
Sec. 4—Marking 

When specified by the purchaser, 
flanges shall be steel stamped with the 
size, the name or trade mark of the 
manufacturer, the AWWA class as de- 
fined in Sec. 2 or, for Class E, the 
flanges may be marked as required for 
the 150-psi standard, ASA Bl6e, and 
the ASTM specification number and 
grade. 


Sec. 5—Materials 

5.1. Ring Type Flanges. Ring type 
flanges may be made either as forg- 
ings, or by being cut from plate or 
formed from bar and welded. Forg- 
ings shall at least comply with ASTM 
A181, Grade I. Plate and bar shall 
have a tensile strength not less than 
50,000 psi nor more than 72,000 psi, 
a minimum yield point of 27,000 psi, 
a phosphorus maximum by ladle analy- 
sis of 0.04 per cent and by check 
analysis of 0.05 per cent, and a sulfur 
maximum by ladle analysis of 0.05 per 
cent and by check analysis of 0.063 per 
cent (ASTM A283, Grades B, C, or 
D will meet these requirements ). 


5.2. Hub Type Flanges. Hub type 
flanges shall be made either as seam- 
less forgings or as welded bar rings. 
Forgings shall at least comply with 
ASTM AI181, Grade I. Bar shall have 
a tensile strength not less than 50,000 
psi nor more than 72,000 psi, a mini- 
mum yield point of 27,000 psi, a phos- 
phorus maximum by ladle analysis of 


2 
J 
; 
why 
PNG 
= 
Be 
(Satake 
: 
Be: 


976 


0.04 per cent and by check analysis 
of 0.05 per cent, and a sulfur maxi- 
mum by ladle analysis of 0.05 per cent 
and by check analysis of 0.063 per 


cent, 

5.3. Bolting. Carbon steel bolts 
shall at least meet ASTM A-307, 
Grades A or B. 

Sec. 6—Facing 


Flanges of all classes shall be flat 
faced—that is, without projection or 
raised face. The dimensions given for 
thickness are minimum. The flanges 
shall be faced smooth or may have a 
serrated finish of approximately 32 ser- 
rations per inch, approximately ,y in. 
deep. Serrations may be either spiral 
or concentric. 


Sec. 7—Gaskets 

These standards are predicated on 
the use of cloth-inserted rubber gaskets 
jg in. thick. The gasket shall extend 
from the inside diameter of the flange 
to at least the inside edge of the bolt 
holes, or it may extend beyond the bolt 
circle. 
Sec. 8—Bolting 

Drilling templates are in multiples of 
four so that fittings may be made to 
face in any quarter. Bolt holes shall 
straddle the center line, and shall be 
drilled 4 in. larger in diameter than 
the nominal diameter of the bolt. 

Bolts shall be of steel with American 
Standard Regular unfinished square or 
hexagon heads, and the nuts shall be 
of steel with American Standard Reg- 
ular hexagonal dimensions, all as speci- 
fied in American Standard for Wrench 
Head Bolts and Nuts and Wrench 
Openings (ASA B18.2). 

All bolts and all shall be 
threaded in accordance with American 
Standard for Screw Threads (ASA 


B1.1), Coarse-Thread Series, Class 2A 
and 2B fit. 


AWWA TENTATIVE SPECIFICATIONS 


Jour. AWWA 


Sec. 9—Tolerances 

The dimensions listed in Tables 1, 
2, and 3 are subject to the following 
tolerances : 


DIMENSION TOLERANCE 
in. 
Inside diameter of flange + 
Outside diameter of flange +} 
Thickness of flange +3-—0 
Length through hub + 
Bolt circle +16 


Sec. 10—Attachment of Flanges to 
Pipe 
The attachment of the flanges to the 
pipe shall be made by means of two 
fillet welds of the size shown in Fig. 1. 


1D of Flange 
ID of Pipe 


Min. OD of Gasket 
and Gasket 


OD of Flange 
Diam. of Bolt Circle 


Ring Flange 


2 
3 
=x 
E 
co 


OD of Flange 
Diam. of Bolt Circle 
Min. OD of Gasket 

ID of Flange 

and Gasket 
| 


t 
14¢ 
| T Length Through Hub 


Hub Flange 
Fig. 1. Attachment of Flanges to Pipe 
The flanges are attached to the pipe by 
means of two fillet welds. 
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Our worries are almost over. All we need do is wait for January 31 
to roll around and, whether it’s Adlai or Ike, he’ll be committed to be good 
to us. If it the Governor, his platform will call on him “to preserve the 
sources of priceless water” and, in working out programs for rational dis- 
tribution of water in arid areas, to “aid in delivering this essential of life 
cheaply and abundantly.” If it’s the General, his platform will obligate him 
to see that “authorized water projects will go forward progressively with 
immediate priority for those in water shortage areas . . .” and that “efforts 
to undermine state control over water use” will be vigorously opposed. 


What if all this is purely planktonic? The very fact that drinking water is 
in the platform as well as on it for one of the national passionals is certainly 
more than a beginning. Actually, the step from “‘fit to be drunk” to “fit 
to be bunk” may be the biggest one in getting by our worries. 


From the ridiculous to the sublime, the new appreciation of water 
appears equally as ardent. Thus, like politics, religion seems to have 
clambered aboard the water wagon. It was an article entitled “Water! 
Give Us Water!” featured in a recent issue of “The Advent Review and 
Sabbath Herald,” general church paper of the Seventh-Day Adventists, that 
gave us a true clue to the situation. There, in a discussion of the water 
shortage problem as it plagues most of Africa, it was pointed out: 


There is no better morale booster at our missions than the existence of an ade- 
quate water system and supply, and nearly every station and institution needs 
this help. Here is a golden opportunity to assist in improving the health and 
efficiency of our missionaries and native workers in this needy part of the great 
African mission field. 


All of which should certainly qualify water as a spirituous liquor. 


Speaking of water’s powers, as we have not only just been but always 
are, some suburban first-hand experiences with same have convinced us 


(Continued on page 2) 
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that water utilities ought to imitate industry and distribute direction book- 
lets with their product. What if the “How to Use” looked more like an 
encyclopedia than a recipe? The bigger, really, the better! And every 
suggested use could be not only a pretty penny earned but a customer saved 
from two fates worse than death. 

To him to whom the task will now undoubtedly be assigned forthwith, 
we can recommend two authoritative water entries, unconditionally guaran- 
teed to make the meters tick: 


SKUNKs in garage behind oil cans in corner, getting rid of without getting 
close to, by use of, through garden hose. 

Wasps nesting at joint of gutter and downspout when house is being painted, 

getting rid of without getting close to, by use of, through garden hose. 


When human suffering can be so simply washed away, it would be 
downright sadistic and unbusinesslike of water works executives not to give 
their customers the word. In the interim, of course, P&R columns will be 
open to all entries. 


The flowering of water supply art appears to be at hand, what with 
a drinking fountain in the form of an orchid and a lawn sprinkler that 
looks like a blossom in a flower pot. First of these is an “assault on con- 
vention” by Spanish artist Joan Junyer, which was exhibited recently at 
the New York Museum of Modern Art. Eight feet high, painted with flow- 
| ing petals and a stippled yellow, blue, and white enamel finish, this cataract 
| in abstract features two spouts—one at junior, the other at Junyer level. 
| Feeling that “water is such a nice thing, it should be treated nicely,” the ar- 
tist took four bathtubs and cut, welded, and enameled them into his ‘“‘non- 
stylized” fountain. Nonsomethingelse is the pot put out by Emenee In- 
dustries, Inc., of New York City. Made of plastic with a blossom that re- 

volves to throw a spray to distances of 20 ft, the pot presumably represents 

naturalism in design. Of course, if you prefer inconspicuous recognizability 
to awkward orchids and peripatetic petunias, why that’s your business— 
thank goodness ! 


With floral art in, though, flooral art appears on its way out. At any 
rate, those paintings by Diego Rivera on the floor of the aqueduct at the 
new Mexico City Water Works (April P&R p. 12) are fast fading away 
in spite of polystyrene in the pigments and a coating of rubber. And if, as 
Diego claims, “‘it is because of the bad quality of the water, which contains 
mud, crude oil, and tar,” we imagine Mexico Citians prefer a trace of 
Rivera’s artistry in a good glass of water to a whole gallery of him 
unpalatable. 


(Continued on page 4) 
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WORTHINGTON - GAMON 


WATCH DOG 


The meter used by 
thousands of munic- 


ipalities in the U. S. WATER METERS 


“Watch Dog” models 

made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


be. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and sO many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
METER DIVISION 
Worthington Corporation 
296 SOUTH STREET, NEWARK 5, NEW JERSEY 
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Fluoridata of current interest include: the report by the American 
Dental Assn. last month that more than 25,000,000 people in 656 com- 
munities in the U.S. will be drinking fluoridated water by the end of 1952; 
the estimate that 700,000,000 dental fillings a year are required to restore 
American mouths to healthy condition, including 280,000,000 in the mouths 
of children between 6 and 18; the fact that a mere 20 cents will get you a 
whole half-gallon of Hinckley & Schmitt’s delicious drinking water, con- 
taining both minerals and natural fluorine. Pretty hard to bottle it up now! 


Meredith E. Johnson, New Jersey state geologist, suffered severe 
burns and Henry Herpers, a geologist on his staff, was killed instantly, as 
the result of an accidental encounter on July 11 with a storm-downed high- 
tension wire. The two geologists were making their way through heavy 
underbrush to an abandoned limestone quarry near the Delaware Water Gap 
to study rock formations when the tragic accident occurred. At last re- 
ports, Johnson was still undergoing treatment for his injuries at Monroe 
County Hospital, East Stroudsburg, Pa. 


(Continued on page 6) 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25K 
On Request 


JOSEPH G. POLLARD CO., INC. 
Pipe Line Equipment 
New Hyde Park New York 
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USED IN 


ETE PIPE 
CONCR ER LINE 


CHESTER WAT 
128,800 ft. 
57,400 ft. 
42" pi ft. 
g,100 
36" 9,400 ft. 
30” 200 ft. 
24” pipe 


Chester, Pa. Boosts Water Supply 


with 39-Mile Line of CONCRETE PIPE 


To obtain adequate water for increased needs the Chester, 
Pa. Municipal Authority built a 39-mile concrete pipe line 
from a dam on Octorara Creek. Pipe sizes and quantities used 
are shown in the box. The engineers were Albright & Friel, 
Inc. of Philadelphia? The general contractor was the Berlanti 
Construction Company, Inc. of Harrison, N.Y. 

Whether the water line you plan is long or short concrete 
pipe offers the rugged strength, long life and economy so 
necessary for satisfactory service. Tuberculation never occurs 
to impair hydraulic efficiency. Its tight joints and uniformly 
dense structure prevent leakage and infiltration. 

Concrete pipe is clean and stays clean, thus minimizing 
taste, odor and dirty water difficulties. It meets all operating 
requirements, gives long years of low-annual-cost service. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Ave. t A national organization to improve and extend the uses of portland cement 
Chicago 10, III.‘ and concrete through scientific research and engineering field work 
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The newest profession must be the one we encountered in a recent 
advertisement of “commode repair specials” by a Florida plumbing supply 
house. “Toileteer consultant” is the term applied to their “eminent 
flushologist” Harry L. Daugherty, whose job it apparently is to counsel 
customers as he waits on them. His slogan: “If water runs through it, we 
have it.” 

More than mere toileteer, though, must be Carl F. Boester, engineer 
and housing consultant for the Purdue Research Foundation, who recently 
made a toilet that was practically self-sufficient—eliminating the need for 
septic tank, cesspool, chemicals, or hookup with the water supply. Not an 
outhouse either, Boester’s toiletechnology has turned out what amounts to 
a new application of the garbage grinder in a closed disposal system. 
Water is included, of course, but only 60 gal of it in a tank from which it . 
is pumped into the toilet with enough force to cause an inner wall of the 
fixture to spin at about 800 rpm. The spinning draws air into the water 
as well as causing the toilet to grind up any solids. The ground up waste, 
air, and water then flow to the tank, where the oxygen causes almost in- 
stant decomposition, converting the waste matter to gas which is carried 
off through a tiny outlet pipe projecting from the top of the tank outdoors. 
Efficiency of the oxidation is so great that only about } lb of insoluble ash 
per person per year accumulates at the bottom of the tank. Cost of opera- 
tion is approximately $2 per month for power to keep the }-hp electric mo- 
tor running continually. 

In saving 6 to 7 gal of water per flush as well as the septic tank and 
tile field problem, the device ought to earn Boester the undying gratitude at 
least of farmers and owners of nonconvenienced summer cottages. No 
more Chic Sale, but better—Boester ! 


William J. Kingsley has been appointed assistant general sales man- 
ager of the Carborundum Co. of Niagara Falls, N.Y. 


(Continued on page 8) 


Loose-Leaf BINDERS Sturdily bound in blue canvas 


with lettered backbone, the 
for A.W.W.A. Standards binder has durable metal hinges, 


capacious 1%-in. rings and 

Price $2.50 eight blank separator cards with 
AMERICAN projecting tabs. All A.W.W.A. 
WATER WORKS specifications are being provided 
ASSOCIATION with marginal holes drilled to 


521 Fifth Ave. New York 17, N.Y. fit the binder. 
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NEW TOOL FOR WATER WORKS 


HYDRALIET 


versatile inexpensive truck crane 


Especially developed for handling pipe, the new Pitman Hydra- 
Lift uses hydraulic power to swing boom 180 degrees, lift boom 
100 degrees. Boom telescopes from 12 to 22 feet. Lifting capacity 
is 6,400 pounds; requires only 40 inches behind the truck cab, 
leaving bed free for normal truck purposes. Moves from job to 
job at normal truck speeds. Hydra-Lift comes ready to install on 
the frame of any truck; two-ton truck or larger recommended. 
Write today for complete information on the new Pitman 
Hydra-Lift! 


PITMAN MANUFACTURING COMPANY 
300 WEST 79TH TERRACE KANSAS CITY, MISSOURI 
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Open season on phreatophytes was invoked last month by Interior 
Secretary Oscar Chapman, with the announcement that they were stealing 
an annual 20,000,000 to 25,000,000 acre-ft of precious water from the 
drought-ridden Southwest. Back of the announcement was a compre- 
hensive report on the subject just completed by the U.S. Geological Survey, 
which also pointed out that phreatophyte wastage involved a 16,000,000-acre 
area in 17 Western states and was largely reclaimable by their destruction 
and replacement by plants of high economic value. Oh yes, phreatophytes 

} are plants—such useless ones as the alder, arrowweed, batamote, cotton- 

: wood, mesquite, rabbitbrush, willow, big breasewood, and salt cedar, which 

lift large amounts of ground water, sometimes from great depths, and dissi- 

pate it as vapor to the atmosphere. It is such consumptive waste by 
plants that is said to represent the largest source of reclaimable water in 
the area. Whoa, though, phreatophyters, stay ‘way from that alfalfa, 
which, though a common type, is worth its weight in water. 


Robert J. Sweitzer has joined the home office sales staff of Lock 
Joint Pipe Co., East Orange, N.J. 


(Continued on page 10) 


AMONG WATER WORKS MEN 
HEAVY-DUTY 
ELLIS 
PIPE CUTTER 
is BEST 


FOR CUTTING LARGE 
SIZES OF PIPE 


6 Reasons wh y 


PALMER SURFACE 


WASH SYSTEMS 


are specified by 
water works engineers 


1. Prevent Sand Beds From Cracking. 

2. Eliminate Mud Balls. 

3. Save Wash Water. 

4. Lengthen Filter Runs. | 
5. Higher Rates of Filtration. 

6. Better Tasting Water. 


Write today for Bulletin 451 and a list of water ELLIS & FORD MFG. co. 


purification plonts that have gone modern. 
2425 Goodrich Ave. Ferndale, Michigan 
Phone Lincoln 2-5620 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


Write for circular and price list 
No. 35J, on our complete line of 
pipe cutting tools. 
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leading primary producer cf Sodium Fivoride 
and Sodium Silicoftuonde (sole producer of Sodium 
Polyphos), Blockson provides a dependable high 
purity source of supply for the water works trade. 
SAMPLES AND DATA ON REQUEST. 


BLOCKSON CHEMICAL COMPANY 
JOLIET, SELINOIE 
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Asteroids rather than adenoids are leaving our children open- 
mouthed these days—our children and our scientists both, for finally it is 
being considered safe to introduce even adults to some of the facts of space. 
Actually all the dangers of space travel, such as lack of oxygen, cosmic radi- 
ation, 500-degree heat, meteors, and weightlessness, that have long since 
been conquered by our comic strip cosmographers, will probably delay the 
first live expedition for many years. Meanwhile, there seems no reason 
why water works men need be as stuffy as the physicists about accepting 
the solutions that junior’s mentors have already provided. 
; Water, science tells us, will be at a premium in space, presumably be- 
i cause of the lack of oxygen. And in the weightless regions everything will 
float, so that water will have to be drunk on the fly, and the sewage problem 
will be one of power ejection to get the wastes out of the traveler’s orbit. 
But these matters are mere child’s play! In his recent trip to Jupiter’s 
Moon 10, Tom Corbett, Space Cadet, for instance, wasn’t bothered a bit 
by them. Weightlessness? Turn on the gravity plates. Water and oxy- 
gen at the destination? Turn on the hydrogenerator—a machine which 
“takes the rocks and dirt of Moon 10 and changes the atomic structure, turn- 
ing the atoms into hydrogen and oxygen atoms, then combines the two and 
‘ releases oxygen with the water.” You'll pardon us if we blast off now and 

jet along to bigger problems. 


Science isn’t all up in the air these days, though. Some portion of 
it is right here on earth making noise—noiseless noise, in fact, that is 
| credited with killing bacteria in water and milk, blending oil and water or 
| even mercury and water, clearing up fog, relieving arthritis, aging wine and 
| whisky overnight, stimulating the bacteria which turn milk into cheese, 
| disintegrating gallstones, agitating washing machine water much better 
than mechanical methods, stimulating the growth of vegetables, curing 
sprained ankles of Parisian dancers, purifying the air, detecting flaws in 


(Continued on page 12) 


Bach in stock! 
Manual of British Water Supply Practice 
Compiled by the Institution of Waser Engineers, London 


The essence of the water supply art, as practiced in Great 
Britain, is well documented in this 900-page compilation. 
Generously supplied with illustrations and reference lists. 


Price $7.50 


Distributed in American Water Works Association, Inc. 
U.S. by: 521 Fifth Avenue New York 17, N.Y. 
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modernize—for 


greater capacity—economically 
with Rex Floctrol and Verti-Flo! 


When increased demands exceed the 
capacity of your water treatment 
plant, you can bring your plant up- 
to-date ... step up capacity .. . eco- 
nomically with REX FLOCTROLS and 
VERTI-FLO Clarifiers. Installed in new 
or existing tanks, these efficient units 
provide greatly increased capacities 
... more effective results. 

At the Fairmont, Minn., treatment 
plant, for example, REX FLOCTROLS, 
installed in modernized tanks, and a 
VERTI-FLO in an existing tank, made 
possible an increase in plant capacity 
from the originally designed capacity 
of 500,000 G.P.D. to 2,000,000 
G.P.D. without increasing the physical 
size of the plant. 

Tests show that the chemical re- 
action is complete within the FLOC- 
TROL despite the extreme seasonal 
changes in water temperature. 

The VERTI-FLO equipment was 
installed in two existing rectangular 
settling tanks, providing for and effi- 
ciently handling 2,000,000 gallons 
daily, an increase of 1,500,000 gal- 
lons daily over the original designed 
capacity of the two conventional 
tanks. Detention time was reduced 
from 6.2 hours to 1% hours, and 
solid removals were remarkably im- 
proved. Effluents were improved to REX FLOCTROLS at Fairmont, Minn. 
the point where filter runs were in- G. E. Basom, Manager, Water and Light 
creased 5 to 6 times. Commission, Fairmont, Minnesota 


Why not reap the benefits of this modernization for your plant? 
For complete details and informative literature, write: CHAIN BELT 
COMPANY, 4609 W. Greenfield Ave., Milwaukee I, Wisconsin. 


WATER TREATMENT EQUIPMENT 
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both metals and men, and a thousand other things, including, of course, call- 
ing your dog. Unless you really want your dog badly, you probably won't 
want to spend the $1,000 that a home-size ultrasonic generator costs these 
days, but since they’re also guaranteed to do a good job of mixing both 
cocktails and cake batter, they’d be a cinch at $999.90. Without much 
question, research now being carried out will lead to some basic application 
of supersonics to water purification as well as to a host of other tasks which 
it can perform better than present equipment. At home, however, it may 
} be well not to throw your “Handy-Dandy 16-Way Can Opener and Kitchen 
Tool” quite yet. 


Wetter water, next to noiseless noise, may seem a sort of pint-size 
panacea, but things are looking up. Already well known for their per- 
formance in fire fighting fluid, in removal of metals from ore by flotation, 
in cleansing agents such as “First” for floors, and in various industrial 
processes where water surface tension causes trouble, the wetting agents 
are now being eyed as an aid to medicine. By the use of wetter water in 
the humidifier bottle in a croup tent, it has been found possible to produce 
more intense moisture in the air, which helps infants recover from such 
respiratory infections as laryngeal diphtheria. Remembering too well the 
debilitating effect of intense humidity here in New York last summer, we 
can well imagine the next step—wetter water a weapon of war! 


Philately will get you nowhere, but it may offer the opportunity to 
i bring the importance of water supply to the attention of every stamp licker 
| and letter getter in the country and then some. What we're driving at, of 
course, is philately’s fostering of the commemorative stamp and the immi- 
nence of AWWA’s 75th birthday. Although March 29, 1956, may seem 
rather distant imminence, it appears from the experience of such organiza- 
tions as the ASCE and AAA, both recent commemorees, that it is none too 
soon right now to get into motion, at least to ask the philatelists, the philate- 
philes, and the philaterers among us to stand up and be counted—in, that is. 
Just address Phil at P&R. 


Arthur J. Simpson, principal assistant engineer of the Newark, N.J., 
Water Div., has been appointed division engineer, succeeding William G. 
Banks, retired. The new principal assistant engineer is Laurie M. Leedom, 
formerly construction engineer for the division. 


Frank N. Speller, author of Corrosion: Causes and Prevention, has 
joined the firm of Management Counselors, Inc., business consultants of 
New York. 


(Continued on page 14) 
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pipe lines dont SHRINK 


@ It isn’t necessary to specify over-sized 
pipe for your large-diameter water lines 
to meet anticipated “shrinkage”’ in flow 
capacity due to tuberculation. 

It’s far less expensive to prevent tuber- 
culation by coating the pipe interior 
with a smooth, spun lining of Bitumas- 
tic® 70-B Enamel. Then you can select 
pipe size solely on the basis of desired 
capacity. 

Bitumastic gives you a lastingly-high 
coefficient of flow that reduces pumping 
costs . . . results in savings that more 
than pay the cost of the lining. 

Bitumastic 70-B Enamel also makes 
it unnecessary for you to specify addi- 
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tional wall thickness to compensate for 
corrosion. An exterior coating of Bitu- 
mastic 70-B Enamel, combined with 
the spun lining, forms a barrier against 
all types of corrosion, inside the pipe 
and out. 

Make certain your community is get- 
ting its money’s worth of proper protec- 
tion—specify Bitumastic 70-B Enamel 
for your large-diameter lines. 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 1005T, Pittsburgh 19, Pa. 
District Offices: Boston, Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Alabama 
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Roger W. Armstrong, consultant and former chief engineer of the 
New York City Board of Water Supply, died on August 24, after a long 
illness, at the age of 72. He had served the system for 46 years, except for 
an interval of military and overseas service during and immediately after 


World War I. 


Franklin Thomas, professor of civil engineering and dean of students 
at California Institute of Technology, died on August 27 after an illness of 
several weeks. He had joined the faculty in 1913 to develop the civil engi- 
neering department, became a division chairman in 1924, and 20 years later 
became dean of students. Always active in professional and community 
affairs, he was a member and chairman of the Colorado River Board of 
California and was instrumental in bringing Colorado River to southern 
California. He was also a member and for many years was vice-chairman 
of the board of the Metropolitan Water Dist. of Southern California. 


Alfred Crew, formerly associated with the engineering firm of Havens 
& Emerson, has opened his own consulting office at 154 Linden St., Ridge- 


(Continued on page 16) 


For Public Water Fluoridation 


Sodium Silicofluoride—98% 


(Dense Powder) 


| Sodium Fluoride—97% 


(Dense Powder or Granular) 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 


Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 
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The BELCO Clarator 
produces multiple 
savings for a Utility 


The Clarator has multiple 
uses — clarification, sta- 
bilization, neutralization, 
chlorination, purifica- 
tion, alkalinity reduc- 
tion, softening, 
silica removal, iron 
removal, con- 

- trolled condition- 
ing. The type and 
quantities of the 
chemicals used 
determine the 
final quality of the 
treated liquid ef- 
fluent. Complete 
description and il- 
lustrations in Bulletin 
108. Write for your 


Ask the Belco man! 


Belco Industrial Equipment Division, Inc. 
PATERSON 3, NEW JERSEY 
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Like to winter in Florida? Here’s your chance! One of the prin- 
cipal water works systems in that winterful state is actually looking for a 
qualified sanitary engineer for a permanent position. Thus, for a tan and 
career that will be the envy of your friends, drop a line right now to P&R 
Vacation-Vocation Dept. at AWWA headquarters. 


“Use Water Wisely,” the slogan which appears on AWWA’s con- 
servation decals, was taken as a personal insult by the Executive Secretary 
of the Federation of Sewage and Industrial Wastes Associations when he 
bumped into the poster at a recent visit to AWWA headquarters. Well 
enough known to be addressed by his first name, he was assured that if the 
insult had been intended it would have read “Use Water for Pete’s Sake!” 


That news makes names make news is being proved in Texas in 
| these days of water shortage. Thus, when the San Antonio Chamber of 
Commerce set up its water conservation committee, it had no choice but to 


appoint member Frank Drought as chairman—not to live his name down, 
perhaps, but to work it off. And at Bryan, the wedding of Miss Betye Rain- 
water to Mr. Clinton Fawcett was hailed as a move in the right direction. 
What price water ? 


Allan H. Rogers, public works superintendent at Garden City, N.Y., 
: has been elected president of the American Public Works Assn., succeeding 
Edward J. Cleary of the Ohio River Valley Water Sanitation Com. Rogers 
has held the post of chairman of the New York section of AWWA. 


L. A. Elsener, manager of the San Francisco office of Chicago Bridge 
& Iron Co., has been elected a vice-president of the firm. His association 
with the organization dates back 30 years to 1922, when he joined the staff 
after receiving his degree in civil engineering from Purdue University. 


Recent engineering promotions made at Worthington Corp. include 
those of John E. Lancaster, made assistant chief engineer of the Air Con- 
ditioning & Refrigeration Engineering Div. ; William C. Osborne, manager, 
and Norman L. Meyerson, assistant manager, of the Research & Develop- ‘ 
ment Dept.; Frederick C. Gilman, research engineer; and T. A. Herman, 

assistant chief engineer of the Reciprocating Engineering Div. 


A submersible sump pump that dispenses with the usual protruding 
float or rod has been announced by Fairbanks, Morse & Co. Intended 
primarily as a cellar drainer for home owners, the unit is designed to be 
installed in a 16-in. or deeper sump, with only the electrical cable and dis- 
charge piping extending above the floor level. 


(Continued on page 20) 
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In 1943, a small New England town was faced with 
the problem of replacing a condemned 57 year old 
water tank. Serious leaks had begun to develop in 
1935, and had continued despite applications of vari- 
ous coatings over a period of 8 years. It was finally 
decided to replace the tank because of its leak record, 
though the cost was high. 


It was then that the Electro Rust-Proofing engineer 
was called in. After careful examination of the entire 
structure, he recommended that cathodic protection 
equipment be installed at a fraction of the tank’s 
replacement cost. 


Since then, no further leaks have been observed, 
and it is felt that the tank, protected by Electro Rust- 
Proofing cathodic protection, may be kept in opera- 
tion indefinitely. 


Why not give your buried or submerged metal struc- 
ture a longer life? A letter today may save your tank 
tomorrow. 


ELECTRO RUST-PROOFING CORP. (N. J 


SELLEVILLE:. LERSEY 
REPRESENTED IN PRINCIGRS CITIES IN THE UNITED STATES — 
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To a tax-burdened public the statement that cast iron 
pipe is the “‘taxpayers’ friend”’ is more than a mere figure 
of speech. To most waterworks engineers it is a cold fact. 
They know that cast iron pipe in water distribution sys- 
tems has saved, and continues to save, millions of dollars 
in local taxes. 

The useful life of cast iron pipe is known to be 4 to 5 
times the average term of a water revenue bond issue. More 
than 35 American cities have cast iron mains in service that 


were installed over 100 years ago. A survey sponsored by 

three waterworks associations shows that 96% of all six- 

inch and larger cast iron pipe ever laid in 25 representative 
cities, is still in service. 


Fortunately for taxpayers, over 
95% of the pipe in America’s 
water distribution systems is 
long-lived cast iron pipe— 
the taxpayers’ friend. 


This cast iron water main in- 
stalled in Richmond, Virginia, 
120 years ago, is still in serv- 
ice. Over 35 other cities have 
century-old cast iron mains 
in service. 


Qa 


IRON PIPE 
Omerica's Nal Tox Saver 


© 1952, Cast Iron Pipe Research Association 
CAST IRON PIPE RESEARCH ASSOCIATION, THOS. fF. WOLFE, MANAGING DIRECTOR, 122 SO. MICHIGAN AVE., CHICAGO 3. 
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(Continued from page 16) 


Infinity was the distance from the Dodgers to the Giants until 1949, 
when Manager Leo Durocher bridged it. The distance from California to 
Florida, meanwhile, remained at infinity plus 3,000 miles. But now that 
standard, too, has succumbed to the span of another glutton for punishment, 
Secretary Bill Aultman of the California Section 1950-51, and, having 
moved, of the Florida Section now in 1952. Happy difference for AWWA 
is that Bill doesn’t feel the necessity of reestablishing the standard. 


A shillelagh for a dowsing rod must be the secret of James Harte 
of Clonakilty, Eire, whose advertisement in the Cork Examiner last August 
offered his “‘professional’’ services as water diviner. How else, indeed, 
could he hope to compete in magic with the elves, gnomes, and leprechauns 
who populate and prosper all Ireland. And a changed land it must be, 
too, to even want water. 


A. J. Gates, formerly assistant city engineer of Wichita Falls, Tex., 
and superintendent of the community’s water department, has been ap- 
pointed southwestern representative of Pipe Linings, Inc., of Los Angeles. 


On tap: 
WATER QUALITY 


TREATMENT 


Second Edition—Revised and Enlarged 


AWWA's manual of Water Quality and Treatment brought up to date, with 
chapters on: source characteristics; aquatic organisms, quality standards, stream 
pollution and self-purification, impounding reservoir control, aeration, coagula- 
tion, mixing and sedimentation basins, disinfection, taste and odor control, filtra- 
tion, scale and corrosion control, softening, iron and manganese removal, boiler 
water treatment, fluoridation, and treatment plant control. With four appen- 
dixes and an index, that makes 451 pages. 


Price: For general sales, $5.00. For AWWA members sending cash with order, $4.00 


‘AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue New York 17, N.Y. 
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REGULAR 
CALMET 


DOES THE WORK OF 


A regular size 11-inch or 2-inch CALMET 
WATER METER will do the work of a cor- 
responding size compound meter, do it 
better and at less cost. 


HERE IS WHY: 


The CALMET sells for much less than a compound meter. 


The CALMET insures better revenue because it is more 
consistently accurate. 


Because of CALMET’S simplicity it costs less for repairs, 
maintains its accuracy longer. 


@ SALES REPRESENTATIVES— Write for 
complete details of the CALMET franchise 
in your territory. 


MET WATER METERS 


PER 21 

NS 

| 

| 

| 

2. 

| MADE BY WILL MACHINERY & SUPPLY CO. INC.—FOMT WORTM, TEXAS 
Sy 
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The Reading Meler 


Handbook of Applied Hydraulics. Calvin Victor Davis, ed. 
: McGraw-Hill Book Co., New York (2nd ed.; 1952) 1,272 pp.; $15 


| The humor in retaining the appellation “handbook” for tomes of 
this weight is becoming—if we may abuse the metaphor further—a 
little heavy-handed, but the volume is otherwise a serious reference 
work of commanding respectability. The list of contributors includes 
such familiar names as Thomas R. Camp, Samuel A. Greeley, Julian 
Hinds, and William KE. Stanley. New chapters on water hammer, 
surge tanks, and other matters have been added since the appearance 
of the first edition in 1942, and other sections have been rewritten or 
revised. The use of examples from the design of actual projects 
lends authenticity to the illustrations, but also makes some of them 
hard to read, particularly in the size in which they must be reproduced. 
In addition to the chapters on various aspects of dam design, sections 
of especial value to water suppliers include those on flumes, tunnels, 
| and pipelines; pumps (“hydraulic machinery”) ; water supply, distri- 
| bution, and treatment itself; and hydrology. Algebraic and graphic 


methods of solving flow problems are presented in the appendixes. 


New England Drainage Basins: Swimmary report on water 
pollution. Water Pollution Series, No. 7; Public Health Service Pub. 
. | No. 88; Div. of Water Pollution Control, Public Health Service, 
: Washington, D.C. (1951)148 pp.; paperbound ; free 


The New England states, at once picturesque and highly indus- 
trialized, exploit both of these characteristics to maintain an economy 
in which manufacturing and recreation are dominant, and equally de- 
pendent upon the region’s water supplies. The report indicates the 
need for considerable work in pollution abatement, not only by munici- 
palities and industries, but also by private individuals whose private 
sewers, storm drains, and septic tank outlets contribute to the prob- 
lem. It is also suggested that state enforcement agencies be given 
more adequate funds and staffs, and that the state of Maine enact legis- 
lation establishing such an agency. 


(Continued on page 86) 
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MclLROY PIPELINE- NETWORK ANALYZER 
SAVES DAYS 
of CALCULATION 


During their visit to the American 
Water Works Association Conven- 
tion in Kansas City last April, this 
group of prominent hydraulic en- 
gineers and waterworks officials 
inspect the Mcllroy Pipeline-Net- 
work Analyzer made by STANDARD 
Etectric Time Company for the 
Midwest Research Institute. 


The McIlroy Pipeline-Network Analyzer per- 
forms rapid calculations of flow rates and head 
losses caused by fluid friction in networks of 
pipelines or ducts. 


SINGLE STUDY SAVES 
TWICE THE COST! 


Made for specific applications, the Analyzer is 
available for any size industrial or municipal 


network system; the cost varies with the design, Front and rear view 
size and other requirements. One user saved of the Midwest Research 
Institute Analyzer. 


twice the cost of the Analyzer on a single study 


of a proposed pipeline improvement problem! 


*FLUISTOR — Fluistors are 
specially designed non-linear tube 
resistors furnished in a wide 
range of coefficient values. They 
represent the various pipeline 
characteristics and afford a rapid, 
visual check of system conditions. 
Readings are expressed on the 
instruments directly in fluid units. 


SINCE 1884 


‘THE STANDARD ELECTRIC TIME COMPANY 


91 LOGAN STREET * SPRINGFIELD 2, MASSACHUSETTS 


i 
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JAMES JONES COMPANY 
NORTH TEMPLE CITY BOULEVARD MONTE, CAL 
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Professional Services 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Philadelphia 7, Pa. 


Valuations 


121 S. Broad St. 


BLACK LABORATORIES, INC. 


Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—TREATMENT— 
CONTROL—RESEARCH 


700 S. B. 3rd Se. Gainesville, Fla. 


Cuas. B. Burpick R. Howson 
Donatp H. 


ALVORD, BURDICK & HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building Chicago 6 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 


L. Bocert Ivan L. Bogert 
Donatp M. Dirmars’ Rosert A. Lincotn 
Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage ood Control 


624 Madison Avenue New York 22, N. Y. 


CARL A. BAYS & ASSOCIATES 
Geologists —Engineers — Geophysicists 
Industrial Consultants 


Office and Laboratory—308 N. Orchard St. 
Mail Address—P.O. Box 189 


Urbana, Illinois 


Guide Books to the Field 


Send for your free copy of “A List of 
A.W.W.A. Publications,” listing books, 
manuals and specifications published 
by the Association. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


A. S. BEHRMAN 


Chemical Consultant 


Water Treatment 
Ion Exchange Processes and Materials 
Patents 


Chicago 6, Ill. 


9 S. Clinton St. 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal—Analyses 
Valuations—Reports— Designs 
110 William St. 2082 Kings Highway 
New York 7, N.Y. Fairfield, Conn. 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Suppty—Sewace Disposar— 
Hypravutic DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 BE. 19th St., New York 3, N. Y. 
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BURGESS & NIPLE | DE LEUW, CATHER & COMPANY 
1900) Railroads Highway 


Water supply, treatment and distribution 


Sewage and industrial wastes disposal oman 
Investigations, reports, appraisals, rates Investigatious—Reperte—Appraisals 
Airports Municipal Engineering Supervision and Supervision of Construction 


384 B. Broad St. | 


San Francisco 2 


BURNS & McDONNELL ELDRED 
, Consulting and Designing Engineers nsulting Engineer 

: Water Works, Softening and Filtration 
Fy Water Works, Light and Power, Sewerage, Plants. Municipal and Industrial Water 
Reports, Designs, Appraisals, Rate Conditioning Equipment of All Types. 


Investigations. Designs, Plans, Specifications, Estimates, 
Reports, Supervision. 
Kansas City 2, Mo. Cleveland 14, Ohio 
508 Draper St. Vicksburg, Mich. 
P.O. Box 7088 1404 B. 9th Se. Vicksburg 3271 


FAY, SPOFFORD & THORNDIKE 


JAMES M. CAIRD 


Established 1898 


Engineers 


C. E. Cutrron, H. A. Bannerr 
Chemist and Bacteriologist 


WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. 


Troy, N. Y. 


E. Spofford 
hn Ayer 

Be A. Bowman 

Carroll A. Farwell 


Warsr 


Ralph W. Horne 
William L. Hyland 
Frank L. Lineoln 
Howard J. Williams 


Dirrarsution— Drainage 


anv SuwaGs 


Reports Designs Valuations 
Supervision of Construction 


Boston 


New Yerk 


FINKBEINER, PETTIS & STROUT 


FINKBEINER C. E. Parra 
Harotp K. Srrovur 


Consulting Engineers 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 


rea’ 
Investigations, Reporte, Design Wastes Treatment, 
Supervision, Research, Development Valuations & App’ 
6 Beacon St. Boston 8, Mass. 518 Jefferson Avenue Toledo 4, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 B. Park Way at Sandusky 
PITTSBURGH 12, PA. CH-1624 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 C and I Life Bidg. 
Houston 2, Texas 


CONSOER, TOWNSEND FULBRIGHT LABORATORIES, Inc. 
& ASSOCIATES Consultants 
Water Supply—Sewerage Chemists and Chemical Engineers 
Flood Control & Drainage—Bridges Industrial Water and Waste 
Ornamental! Street Lighting—Paving Surveys 
Light & Power Plante—Appraisals 
Tel. 5-3726 
331 B. Ohio Se. Chicago 11 Box 1284 Charlotte, N. C. 
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GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 

Water Works—Sewe 
Industrial Wastes—( “tn 
Airports—Bridges—Flood Control 
Town Planning—Appraisals 
Investigations & Reports 
Harrisburg, Pa. 
Scranton, Pa. Pittsburgh, Pa. 


(contd.) 


WILLING WATER 
Public Relations Consultant 


Willing Water cartoons available in low-cost 

blocked electrotypes and newspaper mats for 

use in building public and personnel good will. 
Send for catalog and price list 


521 Fifth Avenue New York 17, N.Y. 


HAZEN AND SAWYER 
Engineers 
Ricuarp Hazen ALFrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 

Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N.Y. 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction, and 
Supervision of Operation 


1001 North Front St., Harrisburg, Pa. 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner V. C. Lischer 
H. Shifrin E. E. Bloss 
Water Supply—Airports—Hydraulic Engineer- 
ing — Sewerage — Sewage Treatment — Munici- 
pal Engineering— Reports 


Shell Building St. Louis 3, Mo. 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Bivd. 
Chicago 4, Ill. 
and Principal Mfg. Centers 


— 


WILLIAM F. GUYTON 


Consulting Ground- Water Hydrologist 
Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. Austin 1, Texas 


Tel. 7-7165 


THE JENNINGS-LAWRENCE CO. 
C. C. Walker F. L. Swickard 
B. I. Sheridan R. L. Lawrence 
A, P. Harness, III 
Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


12 N. Third Street Columbus 15, Ohio 


HAVENS & EMERSON 


W. L. Havens C. A. EMERSON 

A. A. Burcer F. C. Torres F. W. Jones 
W. L. Leace H. H. Moserey J. W. Avery 
Consulting Engineers 

Water, Sewage, Garbage, Industrial 

Wastes, Valuations— oratories 
Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Bacteriologists 
Analyses—W ater, Sewage, Industrial Waste 

Research 


504 N. Second St. 


Litigations 
Harrisburg, Pa. 
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G. Gale Dixon, Associate 
Engineers 
Dams Water Works Sewerage 

Airports Bridges Tunnels 

Traffic & Transportation Reports Highways 

Subways Foundations 

Harbor Works Valuations 

Power Developments Industrial Buildings 


51 Broadway, New York 6, N.Y. 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Pirnie Ernest W. 
Ropert D. Mircuert Cari A. ARENANDER 
Prrenisz, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 36, N. Y. 


MORRIS KNOWLES INC. 


Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


THE PITOMETER COMPANY 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


LEGGETTE & BRASHEARS 


Consulting Ground Water Geologists 


Water Supply 
Dewatering 
Recharging 


Salt Water Problems 
Investigations 
Reports 


New York 17, N. Y. 


551 Fifth Avenue 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; 
Design; Supervision o 
onstruction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse 

and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 


Statler Buildi 
Boston 16 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 

nalyses 


369 B. 149th St. New York 55, N.Y. 


THE H. C. NUTTING COMPANY 
Engineers 
Water Distribution Studies 
Water Waste Surveys 
Trunk Main Surveys 
Meter and Fire Flow Test 


4120 Airport Road Cincinnati 26, Ohio 


RIPPLE & HOWE 


Consulting Engineers 
O. J. Rippers B. V. Hows 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


426 Cooper Bidg., Denver 2, Colo. 
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NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 
Reports 
Advisory Service 


1010 Dennis Ave. Houston 2, Tex. 


RUSSELL & AXON 


Consulting Engineers 


Civil—Sanitary—Structural 
Industrial—-Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


Professional 
Seruices 


(contd.) 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply Sewerage Waste Disposal 
Mechanical Structural 


Appraisals 


Columbus, Ohio 


Surveys 
209 South High St. 


Reports 


SPECIFICATIONS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


521 Fifth Avenue New York 17, N.Y. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 
South Carolina 


Greenville 


= 


SMITH AND GILLESPIE 


Consulting Engineers 


Water Supply and Treatment Plants; 
Sewerage, Sewage Treatment; Utilities; 
Zoning; Reports, Designs, Supervision of 
Construction and Operation; Appraisals. 


P.O. Box 1048 Jacksonville, Fla. 


Look to the Journal 
Advertising Pages 
for guidance when you require professional serv- 
ices or water works products. A condensed 
‘Buyers’ Guide” appears in the final pages of 
this issue. 
American Water Works Association, Inc. 

521 Fifth Avenue New York 17, N.Y. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 


Waterworks—Sewerage 
Drainage—Flood Control 
Airports—Electric Power 


Hershey Building 
Muscatine, Ia. 


WHITMAN, RE 
& ASSOCIA 
Engineers Consultants 
Civil—Sanitary —Structural 
Mechanical—Electrical 
Reports, Plans. 
Supervision, Appraisals 
1304 St. Paul Se. Baltimore 2, Md. 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 


Applications received August | to 
August 31, 1952 


Altizer, Thomas V.; see Steel & Tank 
Service Co. 

Barofsky, Max, Deputy Comr.-Chief Engr., 
Water Dept., 1103 City Hall Annex, 
Philadelphia 7, Pa. (July ’52) 

Barton, Howard E.; see Wells (Minn.) 
Public Utilities Com. 

Brattin, Noble T., Water Dept., City Hall, 
Yukon, Okla. (July ’52) MP 

Brown, Martin Edgar, Water Supt., 613 S. 
Jackson St., Litchfield, Ill. (July ’52) 
M 

Bruggeman, Raymond William, Supt. of 
Water Works, Parsons, Kan. (July '52) 
M 

Bunce, Carl A., Chief Operator, Pumping 
Div., Water Dept., Battle Creek, Mich. 
(July M 

Burris, Norwin Jack, Dist. Engr., Div. of 
Sanitation, State Board of Health, 2 
Marvin Hall, Univ. of Kansas, Law- 
rence, Kan. (July P 

Bush, John H.; see Lovell Chemical Co. 

Clark, David Elmer, Resident Engr., 
Black & Veatch, Box 55, Station C, 
Cincinnati 26, Ohio (July '52) M 

Clisby, Irwin K., Pres., Clisby Assoc., Inc., 
1308—1st Ave., N., Birmingham, Ala. 
(July ’52) MP 

Coates, Gurvis A., Supt., Filtration Plant, 
Monroe, La. (July ’52) P 

Colley, Darrell, Colley & Schlee, 109 E. 
Nine Mile Rd., Ferndale, Detroit 20, 


MEMBERSHIP CHANGES 


Mich. (July 52) M 
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Cook, William S., Mgr., Park Water Co., 
4206 E. Rosecrans Ave., Compton 2, 
Calif. (July M 

Crawford, Alvin G., Div. Auditor, Cali- 
fornia Water & Telephone Co., Box I, 
National City, Calif. (July 

Curry, B. Allan, San. Engr., Max A. 
Mehlburger, 1021 Pyramid Bldg., Little 
Rock, Ark. (July 52) P 

Dell, Frank L., Acting Supt. of Constr., 
Operation & Maint., La Mesa, Lemon 
Grove & Spring Valley Irrigation Dist., 
4769 Spring St., La Mesa, Calif. (July 
°52) MRP 

DeVeny, Willard Ellis, Water Supt., Water 
Dept., Box 101, Logan, Kan. (July ’52) 
MP 

DeWeese, Ray Edward, Mueller Co., Box 
1557, Lexington, Ky. (July ’52) 

Doyle, James F., Supt., Water Dept., 
15842 Philomene St., Allen Park, Mich. 
(July M 

Draper, J. E., Supt., Light & Water, Box 
49, Bluffton, Ohio (July 52) MP 

Dunnam, Herman; see Flagstaff (Ariz.) 

Dyseven, Anthony, Owner, Ve-No Plumb- 
ing Supply Co., Venice, Fla. (July ’52) 
P 


Emanuel, A. T., Fire Appliance & Supply 
Co., Little Rock, Ark. (July ’52) 

Fadden Pump Co., Arthur R. Hart, 740 
Washington Ave., N., Minneapolis 1, 
Minn. (Assoc. M. July ’52) 


(Continued on page 32) 
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AS TO BE PROVED WHIC ROVE wWAS-TO BE 
D WHICH WAS TO BE PROVEDIIEEE ROVED WHICH 
OVED WHICH WAS. Was PROVED 


If your “mathen atics, MEO." means “which wos to 
be proved.” With Welsbach Ozonators, "Q.£.D." stands for Quality, 
Economy and Dependability. The long life and quality built into this 
equipment...the economy and dependability of Welsbach Ozone... 
“which was to be proved”... has been proved where Welsbach Ozone 
has been used as an oxidant in installations ranging from chemical 
processes to treatment of industrial wastes to water purification. 


On the basis of cost, of convenience, of rate of reaction, of yield 
or of freedom from extraneous substances, Welsbach Ozone is the out- 
standing chemical oxidant. 


lt will pay you to leok into the use of Welsbach Ozone—not on the 
basis of cost alone but with consideration of these extra advantages too: 


No storage problem; no procurement problem; no 
materials handling. 


Fully automatic. No complicated control problems. 


Generated at point of use with equipment requiring 
little space. 


No full-time supervision or labor required. 
Constant, predictable operating cost. 


“O.ED.” 


THE WELSBACH CORPORATION 


2409 W. Westmoreland Street, Philadelphia 29, Pa. 
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Flagstaff, City of, Herman Dunnam, Water 
Supt., Box 330, Flagstaff, Ariz. (Munic. 
Sv. Sub. July ’52) 
Fraser, Carlisle G., Owner, Carlisle G. 
Fraser, Box 882, Rochester, Minn. (July 
Gordon, William W., Supt., Water Works, 
Winterset, Iowa (July 52) P 
Gray, Harley, Dist. Supt., Southern Cal- 
ifornia Water Co., 3347 N. Del Mar 
Ave., San Gabriel, Calif. (July ’52) 
Hackettstown Board of Water Comrs., 
Russell P. Vliet, 313 Sharp St., Hack- 
ettstown, N. J. (Munic. Sv. Sub. July 
Hamby, Raymond J., Supt. of Public 
Works, Caruthersville, Mo. (July ’52) 
MRP 
Harrison, John E., Asst. San. Engr., State 
Health Dept., Water Supply Sec., 
Albany, N.Y. (July 52) MP 
Hart, Arthur R.; see Fadden Pump Co. 
Hornbecker, John W., Sales Engr., The 
Denver Fire Clay Co., 2301 Blake St., 
Denver, Colo. (July 52) P 
Iglauer, John, Deputy City Mgr., City 
Hall, Grand Rapids 2, Mich. (July ’52) 
M 
Jackson, Prentice L., Manufacturer’s 
Repr., Keasbey & Mattison Co., Niels 
Esperson Bldg., Houston, Tex. (July 
M 

Johnson, Robert P., Assoc., J. Stephen 
Watkins, 251 E. High St., Lexington, 
Ky. (July 

Johnson, Roy W., Cons. Engr., 605 Arctic 
Bldg., Seattle 4, Wash. (July '52) RP 

King, Robert H., San. Engr., Eng. Dept., 
4305 Santa Fe Ave., Vernon 58, Calif. 
(July '52) MR 

Kukielka, Boleslaw Jan, Designer, United 
Filters & Eng. Ltd., 4 Burston Rd., 
London S.W. 15, England (July ’52) P 

Lane, Paul H., Civ. Eng. Asst., Dept. of 
Water & Power, 207 S. Broadway, Los 
Angeles, Calif. (July 52) M 

Langille, Donald F., Supt., Mahone Bay, 
N.S. (July 52) 

Latourette, P. N., Mgr., Mid-South Plumb- 
ing Supply Co., 388 E. Johnson St., 
Jonesboro, Ark. (July ’52) M 


MEMBERSHIP CHANGES 


(Continued from page 30) 
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Lovell Chemical Co., John H. Bush, 36 
Pleasant St., Watertown 72, Mass. (As- 
soc. M. July 

Mars, R. D.; see Motorola, Inc. 

McCarthy, James, Asst. Engr., Malcolm 
Pirnie Engrs., 25 W. 43rd St., New York 
36, N.Y. (July 52) P 

McGivern, Robert F., Sales Engr., Preload 
Co., Inc., 1139-B Sells Ave., Columbus, 
Ohio (July ’52) 

McKeown, Matthew C., Mgr. of Repr. 
Training, Cochrane Corp., 17th & Al- 
legheny Ave., Philadelphia, Pa. (July 

Montejano, Francisco, Chief of Designing 
Engrs., Estudios y Proyectos, Secretaria 
de Recursos Hidraulicos, 8th Piso, Re- 
forma 69, Mexico, D.F., Mexico (July 
‘Sz) 

Motorola, Inc., R. D. Mars, Advertising 
Mgr., Communications & Electronics 
Div., 4545 Augusta Blvd., Chicago 51, 
Ill. (Assoc. M. July ’52) 

Mulheisen, Arnold L., Supervisor, Water 
Dept., 3336 W. Jefferson St., Trenton, 
Mich. (July ’52) M 


Parlette, S. M., Supt., Water Dept., Lima, 
Ohio (July 

Petersen, Russell William, Water Works 
Supt., 101—4th St. E., Canby, Minn. 
(July M 

Portland Munic. Water Plant, Robert L. 
Stookey, Distr. Foreman, S. Wayne St., 
Portland, Ind. (Munic. Sv. Sub. July 

Procopi, John, Head, Application Sec., 
Market Extensions Div., Minneapolis- 
Honeywell Regulator Co., 707 W. 
Grange St., Philadelphia, Pa. (July 

Reeves, William F., Mech. Engr., Water 
Works, 4646 Western Hills Ave., Cincin- 
nati 38, Ohio (July ’52) M 

Rimmer, James Harry, Asst. Supt., Water 
Distr., Water Dept., Cincinnati, Ohio 
(July 

Roberts, James William, Engr., National 
Board of Fire Underwriters, 85 John St., 
New York, N.Y. (July ’52) MP 

Robinson, Frank William, Supt. of Streets 
& Water, Box 334, Digby, N.S. (July 


(Continued on page 34) 
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ELEVATED 
TANKS, 
RESERVOIRS, 
SPHERES AND 
STANDPIPES 


..- built to all standard 
codes and specifications 
including: A.W.W.A. ° 
N.B.F.U. F.LA. Fac- 
tory Mutual. 


GAMMOND IRON WORKS 


WARREN, PA. and BRISTOL, PA. 


* BOSTON 10 * BUFFALO 2 * CHICAGO 3 * CINCIN- 


: 
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(Continued from page 32) 


Roller, David, Chem. Engr., Freeport Sul- 
phur Co., Drawer A, Freeport, Tex. 
(July '52) P 

Romero Alvarez, Humberto R., Chief of 
Designer Engrs., Secretaria de Recursos 
Hidraulicos, Fundidora de Monterrey 
89, Mexico 14, D.F., Mexico (July ’52) 
MP 

Roose, H. Louis, Project Engr., Water 
Dept., City Hall, Kansas City, Mo. 
(July ’52) M 

Rosson, Harrell B., Graduate Student & 
Water Plant Operator, Water System 
Service, Oklahoma A & M College, 
Stillwater, Okla. (Jr. M. July ’52) P 

Schaedle, Robert C., Supt. & Treas., Pine 
Hill Water Co., 156-10—32nd Ave., 
Flushing, N.Y. (July ’52) 

Schmidt, George G., Asst. Engr., Div. of 
Water, Dept. of Public Works, 101 City 
Hall Annex, Newark, N.J. (July ’52) M 

Schroyer, Charles B., First Operator, 
Verona Pumping Div., Battle Creek, 
Mich. (July ’52) M 

Schueler, Russell John, Operator, Pump- 
ing Div., Battle Creek, Mich. (July ’52) 
M 


Sears, Homer T., Sales Repr., Hersey Mfg. 
Co., 512 Hass-Howell Bldg., Atlanta, 
Ga. (July '52) 

Simpson, Arthur J., Div. Engr., Div. of 
Water, 101 City Hall Annex, Newark 2, 
N.J. (July ’52) MRP 

Sisson, Walker Hudson, Constr. Engr., 
The Upjohn Co., Portage Rd., Kala- 
mazoo, Mich. (July 52) MRP 

Sommer, Franklin L., Sales Engr., Simplex 
Valve & Meter Co., 68th & Upland Sts., 
Philadelphia 42, Pa. (July ’52) 

States, James Henry, Design Engr., The 
Chester Engrs., 210 E. Parkway, Pitts- 
burgh 12, Pa. (July 52) MP 

Steel & Tank Service Co., Thomas V. 
Altizer, Gen. Mgr., 118 W. 24th St., 
Charlotte, N.C. (Assoc. M. July '52) 

Steeper, Robert E., Sales Development, 
Hercules Powder Co., Delaware Trust 
Bldg., Wilmington, Del. (July’52) MP 

Stevens, Neil C., Operator, Verona Pump- 
ing Station, Battle Creek, Mich. (July 
M 

Stookey, Robert L.; see Portland (Ind.) 
Munic. Water Plant 


Stroud, Henry Brannen, Water Plant 
Supervisor, Box 2208, Sarasota, Fla. 
(July ’52) M 

Suk, William J., Dist. Mgr., The Clark 
Controller Co., 205 S. 32nd St., Birming- 
ham, Ala. (July '52) RP 

Train, G. F., Water Supt., 529 E. 4th St., 
Superior, Neb. (July '52) 

Uhrig, William E., Supt. of Utilities, 1899 
Reading Rd., Reading, Ohio (July '52) 

Vliet, Russell P.; see Hackettstown (N.J.) 
Board of Water Comrs. 

Wait, Leo W., Supt., Wilber, Neb. (July 
M 

Walter, Lee Roy H., San. Engr., Div. of 
Sanitation, State Board of Health, 
Lawrence, Kan. (July 52) MP 

Washburn, Carlyle, Supt., Del Este Water 
Co., 720—10th St., Modesto, Calif. 
Calif. (July '52) M 

Watrous, John H., Dist. Mgr., Keasbey & 
Mattison Co., 391 Sutter St., San Fran- 
cisco, Calif. (July '52) M 

Wells Public Utilities Com., Howard E. 
Barton, Supt., Wells, Minn. (Munic. 
Sv. Sub. July 

Wilson, Robert A., Dist. Foreman, Tide 
Water Associated Oil Co., Box 243, 
Robinson, Ill. (July 52) RP 


REINSTATEMENTS 


Connolly, Joel I., 54 W. Hubbard St., 
Chicago 10, Ill. (June ’30) 

Crafton, Logan, Supt., Water Works, 122 
W. 4th St., Bloomington, Ind. (Jan. ’40) 

Hartford Rayon Corp., Harold B. Mallett, 
Plant Engr., Rocky Hill, Conn. (Corp. 
M. Oct. 

Mallett, Harold B.; see Hartford Rayon 
Corp. 

Turner, Samuel F., Cons. Ground-Water 
Geologist, 4046 N. 4th St., Phoenix, 
Ariz. (Jan. '49) 


LOSSES 
Deaths 
Armstrong, Roger W., Cons. Engr., Board 


of Water Supply, 120 Wall St., New 
York 5, N.Y. (Apr. 16) R 


(Continued on page 36) 
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TENNESSEE CORPORATION 


TENNESSEE CORPORATION 
3 


If you are looking for any or all 
of the above, then the answer is 
FERRI-FLOC. 

We would like to send you, 
without charge, our new booklet 
on economical and efficient Co- 
agulation. Just send a card or let- 
ter to Tennessee Corporation, 
Grant Building, Atlanta, Georgia 
or Lockland, Ohio. 


_TENNESSEE 


CORPORATION 


Atlanta, Georgia Leckiand, Ohie 


TENNESSEE CORPORATION 
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DeBerard, Emmons W., Resident Officer 
in Charge of Constr., Naval Training 
Center, Great Lakes, Ill. (Oct. ’41) 

Hall, H. F., Chief Engr., Water Works 

Dept., Northern Apts., Sarnia, Ont. 

(June ’20) 


Resignations 


Hall, G. D., Owner, G. D. Hall & Assoc., 
Larson Bldg., Yakima, Wash. (Jan. ’36) 


de Nemours & Co., Inc., Chambers 
Works Plant, Penns Grove, N.J. (July 
MP 


CHANGES IN ADDRESS 


Changes received between August 5 and 
September 5, 1952 


Alderwood Water Dist., P. S. Lindbloom, 
Supt., Alderwood Manor, Wash. (Munic. 
Sv. Sub. Apr. ’51) 


MEMBERSHIP CHANGES 


(Continued from page 34) 


Haney, John H., Power Engr., E.I.du Pont | 


(Continued on page 38) 
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Badley, Harry W., Repr., Neptune Meter 
Co., 119 W. Cloud St., Salina, Kan. 
(May '28) Fuller Award '48. 

Badley, Willis H., Salesman, Neptune 
Meter Co., 1700—15th St., Denver, 
Colo. (Oct.’51) MR 

Baker, Frank W., Sales Repr., R. D. Wood 
Co., 1058 Nichols Dr., Raleigh, N.C. 
(Jan. 

Baltimore County Metropolitan Dist., 
Charles B. Wheeler, Chief Engr., Court 
House, Towson 4, Md. (Corp. M. Oct. 

Brown, Horace A., 2450 N. Court Rd., 
Ottumwa, Iowa (June ’11) 

Bush, Paul J.; see Iola (Kan.) City Water 
Works 

Chanute, City of, Paschal Grimes, City 
Engr., Chanute, Kan. (Corp. M. Oct. 
51) 

Colonial Heights, City of, C. C. Townes, 
City Engr., Colonial Heights, Va. (Corp. 
M. Apr. ’48) 


Standard With 
Thousands of 
Water Works Men 
For Over 40 Years 


DARLEY 
MAGNETIC 
DIPPING 
NEEDLE 
$17.50 


with 3 section 
telescoping handle 
$22.25 


Write Today for 
68-Page Catalog 


W.S. DARLEY & CO., Chicago 12 


Earn FULL REVENUE with 
Accurate American Meters 


The accuracy Buffalo 

AMERICAN Meters enables you to earn 

: full revenue from metered water in your 

system. Metered water is Me to wart 
Write for details. 


BUFFALO METER 


2914 Main Street 
Buffalo 14, New York 
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llustrating the great beam strength of Bethlehem Tar- 
lengths 
shown in the foreground are unsupported by backfill. 


Enameled Steel Water Pipe. The two 
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Sling supports Bethlehem Pipe, foreground, 
as welders start to make water-tight girth 
seam. Pipe in background is already covered, 


Steel Pipe Selected for Force Main in New Jersey 


These pictures show the installation of the 
Ramapo Force Main, a 25,000 ft pipeline be- 
tween the Wanaque Reservoir and Pompton 
Lakes, in the Boroughs of Wanaque and 
Pompton Lakes, N. J. The new line con- 
nects Green Swamp Dam No. 4 and a former 
hydroelectric plant at Pompton Lakes Dam. 
It is designed to ease the distribution prob- 
lem in the Pompton Lakes-Newark area. 
The pipeline was built by The North Jersey 
District Water Supply Commission of the 
State of New Jersey. Bethlehem Tar- 
Enameled Steel Pipe, 72 in. id. x 4 in. 
thick, and enameled on both surfaces, was 
used exclusively. The contractor was Miele- 
Salvatore, Orange, N. J. 

Bethlehem Tar-Enameled Water Pipe is 
the ideal pipe for any water-distribution or 
sewage line because of its bottle-tightness, 
and its adequate beami strength and resili- 
ence. Besides, this steel pipe is economical 
because it is easy to string and install. 

Bethlehem Tar-Enameled Water Pipe is 
made from plate steel. It is generously coated 
with a smooth, uniform layer of coal-tar 
enamel, making it impervious to incrusta- 
tion and corrosion. It can be installed in any 
terrain, with offsets being formed by flame 
cutting and welding. Water-tight girth 


seams can be made by welding, riveting, or 
with mechanical couplings. 

Bethlehem Tar-Enameled Water Pipe 
comes in all lengths, but is usually furnished 
in lengths of 40 ft. It is made in diameters 
from 22 in. i.d. up to the largest permitted 
by common carriers. Write to the nearest 
Bethlehem office for additional information. 


Look at These Advantages of Bethlehem Water Pipe 


1. It is leak-proof and bottie-tight. There's no 
cause for concern about broken joints which 
could lead to water contamination. 

2. It has the beam strength and resilience to re- 
sist the effects of soil move t after installati: 

3. Light-weight, easy-to-handie 40-ft lengths 
make it an economical pipe to string and install. 
4. The pipe is coated with a smooth, uniform 
layer of coal-tar enamel, which prevents in- 
crustation and corrosion. 

5. Because of its enamel lining, | _—. flow- 
coefficients can be i 


BETHLEHEM STEEL CO., BETHLEHEM, PA, 


On the Pacific Coast Bethlehem prod- 
ucts are sold by Bethlehem Pacific 


Coast Steel Corporation. Export Dis- 
tributor: Bethlehem Stee! Export Corp. 


BETHLEHEM WATER PIPE 


* 
A 
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Duggan, M. L., Mathieson Chemical Corp., 
112 S. Tryson St., Charlotte 2, N.C. 
(Oct. 51) 

Dunn, William Carey, 511 Scales St., 
Starkville, Miss. (Apr. 19) 

Ford, George A., Pres., Fairfax Hydraulics 
Water Co., 132 N. Kings Highway, 
Alexandria, Va. (July 47) M 

Foster Eng. Co., H. Rodewald, Vice-Pres., 
835 Lehigh Ave., Union, N.J. (Assoc. 
M. Oct. '51) 

Gates, Albert J., Chief Engr., South- 
western Norcam, Box 671, Ruidoso, 
N.M. (Apr. ’52) 

Gilman, Richard H., II, 229 Gull St., 
Manhattan Beach, Calif. (Jan. ’51) 

Gordier, Robert L., 5537—26th Ave., S., 
Minneapolis 17, Minn. (Jr. M. Apr. ’51) 

Gray, Arthur E., R.D. 1, Allison Park, Pa. 
(Apr. 

Grimes, Paschal; see Chanute (Kan.) 
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Gulden, Horace B., Borough Megr., Munic- 
ipal Bldg., King & Penn Sts.,Pottstown, 
Pa. (Jan. ’40) MRPD 

Hall, George Albro, Engr.-Secy., Water 
Pollution Control Board, State Dept. of 
Health, Columbus 15, Ohio (July °38) 

Henderson, Stuart P., 102 W. Coronado 
Rd., Phoenix, Ariz. (July 48) P 

Hill, Frederick G., c/o Government of 
Kuwait, Kuwait, Arabia (July ’51) 

Holland, David C., Resident Salesman, 
General Chemical Div., Allied Chemical 
& Dye Corp., 1120 Mortgage Guarantee 
Bldg., Atlanta 3, Ga. (Jan. ’51) P 

Holloway, J. H., Field Engr., Fairbanks, 
Morse & Co., 1823 Larsen St., Salina, 
Kan. (Apr. 

Hudrlik, Otto L., Northwestern Service 
Mer., The Flox Co., Inc., 5329 N.E. 
Union Ave., Portland 11, Ore. (Jan. 
44) P 

Hughes, W. P., Cons. Engr., 220—7th 
Ave., Lewiston, Idaho (Sept. ’25) Direc- 
tor '35-'38. Fuller Award '41. MRPD 


(Continued on page 40) 


seat of your pants. 


521 Fifth Avenue 


Here’s a bible of bark and bite that will 
enable you to improve both your person- 
nel relations and your public relations. 
See that every meter reader gets a copy. 
Make him read it! Make him heed it! 


Under the cover reproduced herewith, 
AWWA has, in response to the de- 
mand of several meter departments, re- 
printed Bruce McAlister’s ‘‘Bow-wow, 
Mister Meterman”’ as it appeared in 
the July 1949 issue of Public Relations at Work. As a six-page 
booklet, this practical advice to the doglorn is now available at a 
nickel per copy—much less than the cost of a single patch in the 


Order your copies now from Department K-9 of: 
AMERICAN WATER WORKS ASSOCIATION 


Woofproof Your 


Metermen 


New York 17, N.Y. 
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A new threesome for 


Q 
' 


CENTRIFUGAL 
PUMPS 


These three motor-driven De Laval 
centrifugal pumps were recently in- 
stalled in the Fresh Pond water works 
of Cambridge, Mass. With an indi- 
vidual capacity of 12 mgd, 175 ft. total 
head and an efficiency of 88%, this 
trio will help bring many more mil- 
lions of gallons of water to the homes 
and industry of this expanding New 


England community. 

Since the turn of the century, De 
Laval water works pumps have been 
serving big cities and small towns 
throughout the country. These highly 
efficient De Laval centrifugal pumps 
are available in capacities ranging 
from less than 1 mgd to more than 
100 mgd. 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 


822 Nottingham Way, Trenton 2, New Jersey 
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The Quest for 
Pure Waler 


in 1450 B. C. 


(as pictured on the wall of the tomb 
of Amenophis II at Thebes) 


Not so much what hap- 
pened in the 550 years before 
this, but what has followed 
to bring water works practice 
to its present state of devel- 
opment is the story told in 
authoritative detail by M. N. 
Baker in his history of water 
purification from the earliest 
records to the 1940's. 


466 Text Pages 
73 Illustrations 
900 References 


. $5.00 


Special price to mem- 
bers who send cash 


with order ....... $4.00 
Orden frome 
American Water 


Works Association 


521 Fifth Avenue New York 17, N. Y. 
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lola City Water Works, Paul J. Bush, 
Supt. of Utilities, Iola, Kan. (Corp. M. 
Jan. '48) 

Jackson, Ray A., Apt. 21, 4316 Old Brook 
Rd., Richmond, Va. (Apr. ’52) M 


Jordan, Philip J., Civ. Engr., Constr. Div., 
650 E. Ohio St., Chicago 11, Ill. (Jan. 
PD 

King, Alan G., Mathieson Chemical Corp., 
Rm. 1040, National Bank of Commerce 
Bldg., New Orleans, La. (Jan. ’52) 

Klaus, Fred J., 5726 Clover Dr., Oakland 
37, Calif. (Oct. M 


Levy, Harold C., Administrative Asst. to 
City Mgr., 124 Hullett St., Long Beach 
5, Calif. (Apr. 49) 

Lewis, Willis H., Polglaze & Basenberg, 
812 S. 27th St., Birmingham, Ala. (Jan. 

Lindbloom, P. S.; see Alderwood Water 
Dist. (Wash.) 

Lindsey, Ray W., Dist. Repr., BIF Indus- 
tries, 207 Congress Bldg., Kansas City, 
Mo. (Jan. ’51) P 


Long, Wilbur E., Jr., 1615 Bickett Blvd., 
Raleigh, N.C. (July 49) MRPD 

Lucas, Glenn T., 2150 Palos Verdes Dr., 
N., Rolling Hills, Calif. (Oct. ’43) 

Lynch, Leonard, Civ. Engr., Constr. Div., 
650 E. Ohio St., Chicago 11, Ill. (Apr. 
P 

Massey, Carlton C., Fairfax County Megr., 
Fairfax Court House, Va. (Jan. °39) 

McGrann, John H., Box 51, Station C, 
Lincoln, Neb. (Jan. ’41) 

Mechanik, Joseph, 216 E. 17th St., New 
York 3, N.Y. (Jan. '48) 

Merryman, Harold W., Asst. San. Engr., 
State Board of Health, 829 S. 11th St., 
Corvallis, Ore. (Apr. ’36) R 

Miller, Robert S., Asst. Dist. Engr., Div. of 
Health, 606 Sexton Rd., Columbia, Mo. 
(Apr. MPD 

Nesbitt, John B., Whitman, Requardt & 
Assoc., 1304 St. Paul St., Baltimore 2, 
Md. (Jr. M. Jan. '49) 

Newell, John F., San. Engr., 720—46th 
St., Los Alamos, N.M. (Jan. ’49) 


| Rodewald, H.; see Foster Eng. Co. 
| Townes, C. C.; see Colonial Heights (Va.) 


Wheeler, Charles B.; see Baltimore County 
Metropolitan Dist. (Md.) 
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CARLON 
bes 
FLEXIBLE! 


EVERY FOOT 
1S FACTORY 
TESTED! 


STRIPED FOR 
POSITIVE 
IDENTIFICATION 


GUARANTEED 
AGAINST 
ROT, RUST AND 
CORROSION 


10300 MEECH AVENUE 


THE FIRST REAL 
PIPE THAT IS 


PLASTIC! 


Now you can buy flexible 
plastic pipe which is fabricated 
to give guaranteed depend- 
able service! The properties 
you want in piping are built 
into CARLON. As a result, 
CARLON is easier to handle, 
faster to install and lasts many 
years longer than ordinary 
pipe. Because of reduced in- 
stallation and maintenance 
expense, CARLON costs you 
less! Try it . . . tomorrow’s 
pipe today! 


CLEVELAND 5, OHIO 


>. 
—* 
| 
4 
“SMOOTH INNER 
FRICTION LOSS | Contr 
CARLO, 
ee 2 (4 BD; In Canada: Micro Plastics, Ltd., Acton, Ont. 832-CP 
= CARLON PRODUCTS CORPORATION 


42 P&R 


Condensation 


CONDENSATION 


Vol. 44, No. 10 


indicates volume 39, page 473, issue dated May 1947, 
Key: In the reference to the publication in which 


the abstracted article appears, 39:473 (May ’47) 
If the publication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 
5, page 1, issue dated May 1947. Abbreviations following an abstract indicate that it 
was taken, by permission, from one of the following periodicals: B.H.—Bulletin of 
Hygiene (Great Britain) ; C.A—Chemical Abstracts; Corr—Corrosion; I.M.—Insti- 
tute of Metals (Great Britain) ; P.H.E.A—Public Health Engineering Abstracts; 
S.IL.W.—Sewage and Industrial Wastes; W.P.A—Water Pollution Abstracts (Great 


Britain). 


SOFTENING AND IRON 
REMOVAL 


Mexico’s First Water-Softening 
Plant. W. E. Bett. Eng. News- 
Rec., 145:18:45 (’50). The new wa- 
ter-softening plant at El Mante, Mex- 
ico, is described. Raw water is 
obtained from the River Mante and 
the total hardness (average 700 ppm) 
varies considerably. Water for do- 
mestic and industrial use is coagulated 
with lime, soda ash, and alum, floc- 
culated mechanically, and allowed to 
settle. It is then recarbonated and 
finally applied to rapid sand _ filters. 


The average reduction in total hard- 
ness is 300-350 ppm, with a maximum 
of 560 ppm.—WPA 


The Pista Iron-Removal Process for 
Water and Waste-Water Purifica- 
tion. H. L. Benner. Gesundh.-Ing. 
(Ger.), 72:231 (’51). Fe(OH), (1) 
from metallic Fe (IL) is produced in 
situ by means of a Pista iron remover, 
usually being replaced by chem. pptn. 
Drinking H.O can be readily prepd. 
from surface water and city and indus- 
trial H.O can be purified economically. 
With the Pista B procedure partial 
biol. purification can be greatly in- 
creased by short diversion time through 
an airing vessel. The consumption of 
II is small and its H:O soly. depends 
on the carbonate and pH content of 
the H:O in question. Low carbonate 
and pH reduce II soly. owing to the 
formation of 1—CA 


Aluminum Sulfate as an Aid in the 
Hot Lime-Soda Water-Softening 


Process. A. Mosic & E. JEDERMAN. 
Bul. Soc. Chim. Belgrade, 16:119 
(’51). The use of 10 Al.(SO,); 
in the hot (70C) lime-soda process 
resulted in lowering of the residual 
hardness from 0.8 to 0.4 German de- 
grees (excess alky.: 2 meq/1l) in lab. 
expts., and from <1 German degree 
(excess alky.: 3 meq/l) to 0.51 and 
0.64 German degrees (excess alky.: 
2.24 and 2.36 meq/I, resp.) in a large- 
scale expt., in quicker settling of the 
sludge, in notable clearness of the sof- 
tened water, in a drop of the SiO. 
content from 9.0 to 5.0 mg/l, and in 
an increase of sulfate content from 
25.4 to 31.6 mg SO,/l, not sufficient, 
however, to cause deposition of gypsum 
at the existing excess alky—CA 


Removal of Iron from Ground Wa- 
ter by Adsorption. S. S. VAN DER 
Wat. Water (Neth.), 36 (Jan. 31, 
52). It is difficult to remove Fe and 
Mn without floc formation aad use of 
filter material only. If removal is in- 
sufficient approx. 0.5 ppm of Cu can 
be added. The activating action of the 
Cu is twofold: Cu acts catalytically by 
the oxidation of Fe; Cu aids adsorp- 
tion on the filter material —CA 


Iron and Manganese as Disturbing 
Factors in Ground Water. H. 
Mounter. Schweiz. Ver. Gas-u. Was- 
serfach Monats-Bul. (Swiss), 31:293 
(51). Fe in conens. of 0.25 or 
Mg 0.15 mg/l causes difficulties in 
water-supply systems because of tur- 
bidity and taste. Generally the cause 
is lack of O and absence of aggressive 


(Continued on page 44) 
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BASEMENT SETTING 


The Ford Copperhorn provides a 
permanent, solidly lined-up setting 
for basement meters installed on 
vertical pipe lines. Even when 
meters are changed, the piping 
remains connected. 


The meter is set horizontally and 
at the most convenient height for 
easy reading. Smooth waterways 
~see diagram at right—cut pipe 
friction or pressure loss to less 
than half that through ordinary 
fittings. Economy and permanent, copper waterways that 


trouble-free service is assured. reduce friction to a 
minimum. Connec- 

tions optional for either 

copper or iron pipe. 


— 


| FR EE Send for Cat- 
alog that shows the 
complete Ford line of 
economical meter 
setting products. 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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UNIVERSAL 


LARGE-DIAMETER AND 
LONG-LENGTH PIPE 


for low-pressure water lines, 
sewers, and culverts 


When you need large-diameter or 
. long-length concrete pipe, Universal 
can deliver . . . either by shipping 
from one of 26 plant locations or 
by moving in mobile equipment and 
manufacturing on the site. 

There is no obligation any time you 
tequest a representative to call and 
discuss your particular program. 


call! the nearest office! 

ALA.: "Decatur, Dothan, Florence. FLA.: 
Miami, Ocala (Florida Concrete Pipe Co.), 
St. Petersburg, Tallahassee, Tampo. GA.: 
Atlanta. KY.: Louisville (Dixie Concrete 
Pipe Co.) MD.: Jessups. N. J.: Kenvi!. N. Y.: 
Binghamton, New York City, Port Wash- 
ington, Rochester, Syracuse. OHIO: Colum- 
bus, Zanesville. PA.: Norristown, Pittsburgh. 
TENN.: Nashville. W. VA.: Clarksburg, 
Charleston, New Martinsville, Wheeling. 
AFFILIATE — Concrete Pipe Co. of Ohio, 
Cleveland, Sandusky, Youngstown, Ohio; 
Erie, Pennsylvania. 


Universal 


CONCRETE PIPE CO. 
CONCRETE PIPE 


Home Office: 297 S. High * Columbus, O. 
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CO:. Means for correction are dis- 
cussed, such as aeration usually with 
chlorination to prevent Zodgloea 
growth. If the origin of the metals 
is the soil rather than the pipes, the 
problem is difficult to solve economi- 
cally. Changes in ground water levels 
because of the construction of dams is 
sometimes the cause.—CA 


Sterilization of Ion-Exchange Bod- 
ies. Henry C. Marks. U.S. Patent 


| 2,571,271 (Oct. 16,51). Beds of org. 
| ion exchangers, used in water-soften- 
| ing processes in pharmaceutical and 


soft-drink plants, and in the manuf. of 


| sugar, can be sterilized by treatment 
| with chlorinated melamine (1). A 


soln. of I is passed through the bed 


| at the time of regeneration, at the rate 


of 10 gal/cuft of resin, for at least 


| 20 min. I (contg. 20-100 ppm avail- 


able Cl) mixed with water may be first 


combined with anhyd. to 


form a dry hydrate, easily wet for use. 
Wetting agents, such as Naccanol-NR, 


'may be used for this purpose, and 
| further increase the efficiency of the 


sterilization CA 


Application of Ion-Exchange. Cop- 
per-Amberlite IR-120 in Fixed Beds. 
W. A. SELKE & H. Biiss. Chem. Eng. 
Progress, 46:509 (’50). Expts. have 
been made to determine the mechanism 
of the process and the fundamental 
constants governing the exchange re- 


| action between copper salts and the 


resinous cation-exchange material Am- 
berlite IR-120 in fixed beds. From a 


_ knowledge of these factors it should 
_be possible to design a suitable ion- 


exchange unit for any given purpose. 
Copper was chosen for study as it is 
frequently present in industrial wastes, 


| is similar in behavior to other ions 
| frequently found, and is easy to deter- 


mine analytically. Results are inter- 
preted mathematically. Two types of 


_ equilibrium were found. For copper- 


(Continued on page 46) 
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collects and thickens voluminous solids 


Looking for clues for the effective removal of oils, light suspended 
solids and toxic metals? Then investigate the Cyclator. 


The Cyclator combines chemical treatment, solids recirculation and 
mechanical thickening within a single, compact, space-saving 

unit for complete treatment of a wide range of industrial wastes. 
You can count on a pure effluent at low cost—and in many 

cases— gain substantially by recovering by-products and by the re- 
use of purified water. 

Ask for complete information including Cyclator case histories. 
Available in our Bulletin 850. 


( N IMFILCO IMC. Tucson, Arizona in Chicage & Joliet, Illinois 


TIONING 
FIELD ENGINEERING OFFICES IM 26 PRINCIPAL CITIES 
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hydrogen exchange the relationship is 
nonlinear which is characteristic of 
divalent-monovalent exchange. For 
copper-magnesium the relationship is 
practically linear which is character- 
istic of most divalent-divalent systems 
and probably most monovalent-mono- 
valent systems. Copper-calcium ex- 
change does not follow closely the 
theory of liquid diffusion with linear 
equilibrium. It is possible that solid 
diffusion contributes to this effect as 
well as nonlinear equilibrium. For 
resins with a wide distribution of par- 
ticle size, upflow operation is prefer- 
able to downflow from the point of 
view of utilization of capacity of the 
ion-exchange material in cyclic opera- 
tion —WPA 


The Elimination of Silica From Wa- 
ter by Means of Strongly Basic 


CONDENSATION 


(Continued from page 44) 
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Anion-Exchange Resins. M. Stas- 
sart. Bul. Centre Belge Etude et 
Document. Eaux ( Liége), 6:371 (’49). 
The removal of SiO, to a limit below 
0.3 mg/l is important in the treatment 
of feed waters for high-pressure boil- 
ers. Some conventional methods do 
not permit sufficiently low SiO, levels 
to be reached—for example, the treat- 
ment with MgO (hot process), ad- 
sorption by Fe(OH); or Al(OH)s, or 
entrainment in CaCO; by pptn. with 
CaO. Strongly basic ion-exchange 
resins have made the direct elimination 
of ionized SiO, possible. The mecha- 
nism of this resin exchange is dis- 
cussed. Owing to the fact that strongly 
basic resins eliminate both strong and 
weak acids, resulting in the formation 
of anionic layers in the resins which 
are proportionate to the strength and 
concen. of the acids, the demineraliza- 


> Mapping out a 


Public Relations 
Campaign? 


Let Willing Water help you... he’s 
the master of all he surveys. Let him 
clear the brush of public ignorance 
of water works problems. Let him 
erect for you an edifice of public 
appreciation and co-operation on a 
foundation of good will. 

Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue + New York 17, New York 
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SUM LAVAUD:, 


this MARK OF QUALITY IS 


YOUR PROTECTION 


ON CAST IRON 


This Q-Check trademark is a symbol of quality sten- 
ciled on all McWane-Pacific Super-DeLavaud cast 
iron pipe. It is your assurance that the pipe you lay is 
used and approved by leading independent labora- 
tories and engineering associations. Only Cast Iron 
Pipe meeting the most rigid inspection is permitted to 
use this Q-Check trademark. 

The **Q-Check”’ trademark is registered in the United 
States Patent Office by the Cast Iron Pipe Research 
Association as a service trademark signifying scientific 
quality-control in the manufacture of cast iron pipe. 
It is a symbol of the service of McWane-Pacific cast 
iron pipe, which “‘serves for centuries.” 


PRECALKED 
OPEN 
BELL-AND- 
SPIGOT 


MECHANICAL 
JOINT 


FLANGED 


McWANE Cast Iron Pipe Company 
Birmingham, Ala. 
Pipe Sizes 2” thru 12” 


PACIFIC STATES Cast Iron Pipe Co. 
Provo, Utah 
Pipe Sizes 2” thru 24” 


Sales Offices 

Birminghom 2, Ala... ..P. O. Box 2601 
333 North Michigon Ave 
New York 4, N. V. . 80 Brood Street 
Konsas City 6, Mo. .........1006 Grand Avenue 


1501 Mercantile Bk. Bidg. 


Chicago 1, ...... 


Dollas Texas 


Sales Offices 
Provo, Utoh 

Denver 2, Colo. 

Los Angeles 48, Cal. 

San Francisco 4, Cal. ... 
Portland 4, Oreg. 
Salt Loke City 


1921 Bloke Street 
6399 Wilshire Blvd. 
235 Montgomery St 
Portland Trust Bldg 
Waterworks Equip't Co. 


: 
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tion usually has to be carried out in 
several stages. Exptl. data are pre- 
sented showing the effect of various 
factors on the efficiency of the SiO: 
concn. and contact time as a function 
of particle diam., flow rate, and thick- 
ness of the resin bed. J/bid., 7:393 
(’50). An appraisal is made of the 
cost of SiO. removal from water on 
the basis of data showing optimum re- 
generating conditions as a function of 
contact time and of regenerant quan- 
tity —CA 


Dow’s Hot-Lime-Zeolite 
After 18 Months. W. S. Butter. 
Power Eng., 56:1:80 (’52). The 
quality of water, before and after treat- 
ment, operating details, and costs are 
tabulated. Lime and sodium aluminate 
are fed to the primary softener. A 
pH of approx. 10 is maintained. De- 
tails of filter handling are included. 
—CA 


System 


Processes for Removal of Iron From 
Water for Drinking and for Other 
Purposes. Georc HEINECKE. Bau u. 
Betrieb (Ger.), 4:2:1 (’52). Open 


and closed filters for removal of Fe 
are described and illustrated. These 
are filled with coke, quartz, sand, etc. 
Two-stage closed filters are used when 
filtration is difficult ; the first filter uses 
comparatively coarse material, and the 
second, sand.—C 
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DISINFECTION 


The Use of Potassium Permanganate 
in the Disinfection of Water. R. 
BANERJEA. Indian Med. Gaz., 85:214 
(50). In the disinfection of water 
with potassium permanganate it is nec- 
essary to use a concentration of 1 part 
per 50,000 and to allow a period of 
contact of 24 hr to ensure satisfactory 
results. Disinfection is not signifi- 
cantly affected by the pH value of 
the water but is retarded by the pres- 
ence of more than 1 ppm organic mat- 
ter. In concs. of 200,000 organisms 
per ml, a concentration of 10 ppm 
permanganate kills Vibrio cholerae in 
2 hr, Shigella flexneri in 4 hr, and 
Salmonella typhi in 24 hr. With 
higher concentrations of typhoid bac- 
teria, 20 ppm permanganate may not 
be sufficient to disinfect the water in 
24 hr—WPA 


' Bactericidal Action of Hydrogen 


Peroxide in Water. Jan _ Just. 
Roczniki Panstwowego Zakladu Hig. 
(Polish), 1:44 (’50). The purpose 
of this work was to det. the adaptabil- 
ity of H.O, as a disinfectant for H.O. 
A review of the production and bac- 
tericidal action of H.O, precedes the 
paper. A 3% soln. in distd. H.O loses 
10% activity in 2 weeks when kept in 
the dark. Impurities, light, and espe- 
cially sunlight speed up decompn. 


SPARLING METERS 
for all MAIN-LINES 


For instance, at left is shown the Wing and U- 
Bolt type Meter for main lines of concrete, wood, 
etc. Whatever your problem in main-line meter- 
ing, consult Bulletin 311. A copy is yours for 


the asking. 


LOS ANGELES — NEW YORK — CINCINNATI — BOSTON 
SEATTLE — ATLANTA — DALLAS — KANSAS CITY 


4 
tke 
fe 

\e 
‘ 
4 


Oct. 1952 JOURNAL AWWA 


4 major reasons why Permutit is 


WATER CONDITIONING 
HEADQUARTERS 


WATER CONDITIONING HEADQUARTERS 
for 40 years, The Permutit Company 
pioneered in the application of ion ex- 
change in water treatment. Permutit’s com- 
plete line of water conditioning equipment 
is engineered to meet all needs. 


1. PRECIPITATORS—A reaction and settling 
tank requiring less space, less chemicals 
and less time than previous designs. Per- 
mutit Precipitator softens water ...removes 
impurities . . . lowers alkalinity content 
Available in sizes having daily capacities 
from one thousand to ten million gallons. 


2. ION EXCHANGERS—Hardness in munici- 
pal water supplies is objectionable because 
of its scale-forming, soap-destroying prop- 
erties. Hardening elements can be simply 
and cheaply removed by passing water 
through tanks containing Permutit Zeo- 
lites. Softening occurs when Zeolites attract 
hardening ions—calcium and magnesium 
—and exchange them for sodium ions. 


3. SPIRACTOR — A space-saving cold lime- 
soda water softener with a new principle— 
catalytic precipitation. Hard water plus 
chemicals enter shell and swirl upwards 
through catalyst granules. Precipitates de- 
posit on granules by accretion . . . fall to 
bottom .. . are drawn off and easily dis- 
posed of. Total reaction time is 8 minutes. 


4. MONOCRETE UNDERDRAIN — Non-corrod- 
ible monolithic construction is rigid and 
inexpensive. Large laterals and header con- 
sist of conduits cast in concrete... assure 
uniform collection and distribution of wa- 
ter. Laterals are formed by inflatable rubber 
tubes which are removed after concrete 
has set. Porcelain extension stems, contain- 
ing porcelain strainers, extend from header 
and laterals to concrete surface. 

Write for further information on these and 
other types of water conditioning equip- 
ment to The Permutit Company, pt. 
JA-10, 330 West 42nd St., New York 36, 
N. Y., or to Permutit Company of Canada, 
Ltd., 6795 Jeanne Mance St., Montreal. 


WATER CONDITIONING HEADQUARTERS 
FOR 40 YEARS 
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Membership 
Certificate 


Designed to fit any 
standard 8- by 10-inch 
frame, this new version 
of the Association mem- 
bership certificate will 
make a handsome addi- 
tion to your office. 


The document is 
tastefully printed on 
white rag paper, with 
the member’s name 
hand-lettered. 


When ordering your 
certificate, please be 
sure to print your name 
exactly as you wish it to 
appear, andenclose your 
check for $1.00 to cover 
the cost of lettering and 
production. 


AMERICAN WATER WORKS 


ASSOCIATION 


521 Fifth Ave., New York 17, N.Y. 
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| Traces of AgNO; have no effect on 
the rate of its decompn. With Esch. 
coli added to underground and open 
water, 200 mg/l is bacteriostatic for 
otherwise (physically and chemically) 
satisfactory drinking water. Higher 
_ doses impart an unpleasant taste. 
| AgNO, and Ag:O reduce the reaction 
time appreciably. One treatment dis- 
infects the water for 10 days; it also 
reduces any coloring and smell present 
in the sample.—CA 


Quaternaries in Hard Water. The 
| Influence of Hard Water on In Vivo 
Challenge of Disinfectant Activity 
of Benzylalkonium Chloride. E. W. 
DeNNIs. Soap Sanit. Chemicals, 27: 
3:117 (51). Concurrent in vitro and 
in vivo procedures were used to dem- 
onstrate the germicidal activity of ben- 
zylalkonium chloride—alkyldimethyl- 
benzylammonium chloride (I). The 
highly virulent grampos. hemolytic 
Streptococcus pyogenes C-203 M (II) 
and the gram-neg. Pasteurella bovisep- 
tica (IIL) are suitable representative 
test organisms for in vivo challenge 
of germicidal activity. SS. typhosa 
(IV) can be used as a test organ- 
ism but the problems created by its 
low pathogenicity for mice make it 
unsuitable for routine use. I in a 
concn. of 200 ppm is an efficient anti- 
infective agent against several million 
lethal doses of II or III and against 
approx. 18,000 mouse infective doses 
of IV. The anti-infective properties 
of I were not reduced below a required 
concn. of 200 ppm even when a hard 
H.O like that of Norwood, Ohio, was 
used as a vehicle. The period of expo- 
sure was approx. 2 min and a blood- 
broth inoculum of streptococci or III 
provided 0.5-1.0% whole blood as ex- 
traneous org. matter. Thus an in vivo 
assay with virulent II offers a realistic 
method of evaluating quaternary am- 
monium germicides to be used for 
sanitizing eating and drinking utensils. 


—CA 
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.. DENVER, COLORADO 
CLEVELAND, OHIO 
... ROCHESTER, N.Y. 


.. OMAHA, NEBRASKA 


ATLANTA, GEORGIA 
... MADISON, WISCONSIN 


.. SEATTLE, WASHINGTON 


In 24 of America’s large cities and scores of smaller towns, Rensselaer valve equipment 


has been used satisfactorily for 50 years or more. 


Such records of performance and repeat orders cannot be accidental. They are due 
to the fact that all Rensselaer products are over-safe, both as to generous amounts of mate- 
rials in the right places, and the incorporation of design features which insure reliable per- 


formance years after the valves are installed. 


SQUARE BOT 


A "DIVISION "OF NEPTUNE METER COMPANY 
Sales representatives in principal cities 
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FORT WORTH, TEXAS 
2 eed | 
| 
> 103 
Rensselaer 
VALVE COMPANY, |TROY, N. Y. 


Symposium on the Sterilization of 
Water. (A) The Installation and 
Operation of Gas Chlorine Dosing 
Plants. J. G. Smitu. J. Inst. Wtr. 
Engrs. (Br.), 4:481 (’50). Difficul- 
ties associated with the measurement 
and application of chlorine gas for the 
disinfection of water are described and 
recommendations are made for over- 
coming them.—W PA 


Bactericidal Action of Copper and 
Zinc in Open Water Reservoirs. A. 
A. Gortt-pE-Grotr. Gigiena i Sanit. 
(U.S.S.R.), 7:20 (’51). Tests on ty- 
phoid organisms in water from Verkh- 
Iset reservoir with Cu or Zn showed 
that Cu is 10 times more effective than 
Zn; in presence of both, the activity is 
the sum of the individual activities — 


CA 
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Some Practical Considerations on 
Water Sterilization by Chlorine Gas. 
M. J. Hatitopeau. Tech. Sanit. et 
Munic. (Fr.), 45:122 (May ’50). 
Disinfection of potable water supplies 
by Cl, gas, introduced in France in 
1933, developed rapidly in the big ur- 
ban centers (Choisy-Le-Roi, 1933-35, 
Paris-Ivry 1936). (Cl. appears desir- 
able in all but the very smallest water 
plants. Not all operators are con- 
vinced because of poor plant design, 
Cl, disinfection needs, complication of 
Cl, dosing apparatus, direct Cl. injec- 
tion devices, corrosion, absence of 
rugged chlorine water gravity feeders, 
and necessity of mixing with the water 
to treat in a pump sump. Tubings 
should be rubber or plastic and the 
design simple enough to permit effi- 
cient use by nonspecialized personnel. 


Durasce — DepenpAsce —Low Cost 
Water Softening Zeolites 
~ 3 Products to 


choose from ~ 


a 3000 grain product 
a 4000 grain product 


HI-BASEX-A - a 5000 grain product 


For new water softener plants, refills or replacements. 
Thousands of water softeners with greensand zeolite, built over 20 years ago, are 
still in daily service, operating at full capacity and efficiency. Such outstanding 


performance is unmatched by any other zeolite. 


Write for details 


HURGERFORD TERRY, INC. 
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MONEY WAYS 


With This Steel Water Pipe 


You can install water supply and force mains quickly and at less cost 
with Armco Welded Steel Pipe. Here are seven reasons why: 


1, Choose the exact wall thickness you need (%- to 12-inch). No need 
to use unnecessary metal. 

2. Match the pipe diameter (6 to 36 inches) with your specific needs. 
Avoid buying unneeded capacity. 

3. Armco Pipe is easy to handle; installation costs are low. 

4, Long lengths, up to 50 feet, mean fewer joints to make, less as- 
sembly cost. 

5, Protect against costly failures. Armco Pipe has ample strength and 
ductility to withstand pressure surges and heavy external loads. 
6, Spun enamel lining prevents tuberculation, assures continued high 

flow capacity, stops costly cleaning. 
7. Prefabricated standard or special fittings are no problem with 
Armco Pipe. 


Why not take advantage of these 7 plus values and specify Armco 
Welded Steel Water Pipe for that next job. Write for complete data. 
Armco Drainage & Metal Products, Inc., Welded Pipe Sales Division, 
1452 Curtis St., Middletown, O. Subsidiary of 

Armco Steel Corporation. 


WELDED STEEL L PIPE 
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Chlorination apparatus and Cl, cyl- 
inders must be segregated in small 
ventilated chamber, with a door to the 
outside that would permit good venti- 
lation and avoid corrosion of plant 
apparatus. There should be no long 
Cl, feedlines. Using precautions, au- 
thor predicts a generalized use of Cl. 
gas in France; chloramines are not 
believed to be more valuable than Cl, 
for water disinfection—M. Albanese 


Ozone Sterilization of the Water 
Supply of Nice and Coastal Com- 
munities. H. Bernier. Tech. Sanit. 
et Munic. (Fr.), 45:117 (May, ’50). 
The city of Nice and the coastal re- 
gion between the Var River (west) 
and the Principality of Monaco (east) 
are supplied with water from springs 
(3,170 gpm) and the river Vésubie 
(63,500 gpm) carried by 2 canals, 
closed (5.5 miles) and open (18.6 mi.), 
resp., from northern mountains. Ozo- 


nation of these supplies is effected by 
3 plants for Nice Twp. (18.2 mgd) 
and one for the coast communities 
(7.52 mgd) after filtration of the river 


water. The four existing plants are 
provided with Otto ozonators, using 
air dried with CaCl. or silica gel which 
then passes through batteries of hol- 
low, water-cooled cast-iron plates sep- 
arated by couples of spaced glass plates 
tinned on one side, and submitted to a 
15,000 to 18,000 volt current; batteries 
of 10 electrodes in a glass cage pro- 
duce 35-40 grains ozone per kwhr un- 
der avg. temperature and humidity 
conditions. Ozonized air is then mixed 
with water by a Venturi type emulsifier 
and released by aceramic diffuser un- 
der 165” water in a self-contact col- 
umn (concrete, 8’3” in diam., and 18’ 
high), and finally released in the at- 
mosphere by a “desaturator.” Ozone 
needed to sterilize 1 ppm: contact time, 
5 to 20 min; power used, 2.27 kv/gal/ 
min; loss of head, 18’. The new plant 
has a Van der Made-Trailigaz ozona- 


tion system, in which air is ozonized 
in stainless steel pipes centered in 
glass pipes, under a tension of 8 to 
10,000 v (9 such units are enclosed 
in a casing serving as a second elec- 
trode, and in which cooling water or 
oil circulates). Air is compressed at 
the bottom of a sterilizer under 21'4” 
of water and released after 5 to 8 min 
contact time, dried, and reozonized. 
Extra fresh air makes up lost volume. 
Ozone needed: 0.8 ppm for steriliza- 
tion; loss of head, 4/10”. The ozoni- 
zation plant derives its power from 
water coming from filtration plants 
located higher, powering turbo-alter- 
hators. All ozonators are regulated 
by the water flow, and each plant has 
a completely automatic control and 
alarm system. Water quality, checked 
for 20 consecutive years by the Su- 
perior Council of Hygiene, is, since 
1930, free from control due to its very 
high and constant grade. Because 
power is home-generated, treated wa- 
ter only costs $16.60/mil gal—M. 
Albanese 


FLUORIDATION 


Selecting Means of Fluoridation of 
Public Water Supplies. H. E. Ros- 
ERTSON. Munic. Util., 90:1:26 (Jan. 
52). Relative merits, limitations, and 
costs of HF, NaF, hydrofluosilicic acid, 
CaF., and Na silicofluoride tabulated 
and discussed. Latter two compds. 
much cheaper sources of F than NaF, 
although both less sol. Soly. of NaF 
also limited in hard water because of 
CaF, formation. At Ca concns. of 40, 
80, 120, 160, and 200 ppm, max. F in 
soln. at 65 F, 3.5, 2.5, 2.0, 1.7, and 1.5 
ppm, resp. Na silicofluoride compares 
favorably with other compds. Mc- 
Clure demonstrated that it is as ef- 
fective physiologically as NaF. Prob- 
ably will become most popular source 
of F. Handlers of powdered F 
compds. should be protected from con- 


(Continued on page 56) 
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CARBALL 


SPECIFICALLY DESIGNED FOR THE CLEAN, 
EFFICIENT CARBONIZATION OF LIQUIDS 


92% TOTAL CHEMICAL EFFICIENCY 


@ A CO? producer that COMPLETELY burns GAS or OIL. 

@ Produces the highest percentage of CO2 gas with no CO or condensible carbon. 
@ Completely eliminates oil scum ...no taste imparted to potable waters. 

@ No scrubbers or filters matents 


@ Compressor handles clean, cold air only. The fuel is burned under sufficient pressure 
to cause deep diffusion directly from the producer. 


@ Diffuses CO2 gas by efficient impingement diffuser, insuring 92% absorption and 
eliminating diffuser corrosion. 


@ A factory-tested, package unit with air compressor, fuel pumps and appurtenances. 
@ 50% more chemical efficiency than any other method in current practice. 


To Reduce Costs and Modernize Your Plant: 
WRITE FOR BULLETIN 7W64 


WALKER pects. EQUIPMENT INC. 


PROGUIP FACTORY» ENGINEERING OFFICES LABORATORY 


| 
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CONDENSATION 


$1,000,000 


worth of research available in 
convenient, usable form at less 
than the cost of printing, which 
was largely absorbed by the 
JourNAL. 


SURVIVAL 
AND 
RETIREMENT 


Experience With Water 
Works Facilities 
Containing vital information 
on the actual life of mains, 
valves, meters, services and 
other facilities in 26 cities, to- 
gether with 56 pages of sum- 
mary tables that condense the 
data for easier interpretation. 


Presents the facts of life (and 
death) of the facilities of water 
supplies serving almost 10 per 
cent of all U. S. consumers plus 
400,000 Canadians. 

576 pages 


$3.00 
Special price to mem- 
bers who send cash 


with order ...... $2.40 
American Water Werks Association 
521 Fifth Avenue New York 17, N.Y. 
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tact and inhalation of dust. Point of 
application should involve least risk of 
subsequent removal. Processes tend- 
ing to remove F include: lime soften- 
ing, alum, or Na aluminate coagula- 
tion, addn. of bentonitic clays or of 
activated C at low pH values. Ma- 
jority of supplies in Saskatchewan 
contain 0.2-0.5 ppm F. Saskatchewan 
Dept. of Public Health has officially 
endorsed controlled fluoridation. Total 
content recommended 1.5 ppm. Higher 
conc. compared to that of exptl. studies 
elsewhere influenced by low mean an- 
nual temp. and cool summer evenings. 
—R. E. Thompson 


Fluoridation Is Cooperative Matter. 
L. A. Kay. Munic. Util., 89:11:26 
(Nov. ’51). In June ’45, F, as NaF, 
added to Brantford supply. During 
previous year, 5000 children, 5-16 yr 
old, subjected to dental inspection, and 
every year since 45, 2000 of same age 
groups examd. In 45, avg. DMF 
7.73 per child; in ’50, 5.32—R. E. 
Thompson 


Fluorides and Dental Disease. F. A. 
Wauittockx. Wtr. & Wtr. Eng. (Br.), 
56:8 (Jan. ’52). Chinese Emperor 
Houang-Ty wrote of dental caries in 
2000 B.C. In 1803 Dominico Mori- 
chini demonstrated presence of fluo- 
ride in fossilized elephant tooth found 
near Rome. Mottled tooth enamel was 
described in 1901. Churchill, in ’31, 
demonstrated coincidence of mottled 
enamel and fluoride in various parts 
of U.S. In ’37 Roholm proposed, as 
prophylactic measure against fluorosis, 
cessation of therapeutic use of fluorine 
compds. for children. First recorded 
exptl. fluoridation of water supply was 
made at Grand Rapids, Mich. in 45. 
In ’50 U.S. Public Health Service 
stated: “Using scientific methods and 
procedure, communities desiring to 
fluoridate their communal water sup- 
plies should be strongly encouraged 


(Continued on page 58) 
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“FLEXIBLE” Exclusives THAT 
Revolutionized SEWER CLEANING 


Since 1932 FLEXIBLE has 
led in pioneering improved 
sewer cleaning methods and 
equipment. Here are today’s 
most important “FLEX- 
IBLE” musts! 


SeweRodeR 


A mechanical mar- 
~* vel that does all rod- 
“4 ding with one man 
; andahelper. Pushes, 
, turns, pulls... pulls 
back loads and “rods 


in” for more. 


ROD COUPLING Surface-Hung 


An improved coupling recommended for MANHOLE ROLLER 
HIGH-SPEED POWER TURNING ... Works loose brick manholes (any 


developed through years of experience. size) far faster. Fits any two leg 
Never connects in the wrong hole. Faster bucket machine. Installs from 
to assemble. above ground. 


 FLEAIBLE” 


SEWER-ROD EQUIPMENT CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N.J. 29 Cerdan Avenue — Roslindale 31, Mass. 

P. 0. Box 465 — Memphis, Tennessee 801 E. Excelsior Blvd. — Hopkins, Minn. 

1115 Delaware Ave. — Fort Pierce, Fila. 3786 Durango St. — Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, Ill. 445§ S.E. 24th Street — Portland, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. 351 West Jefferson Bivd. — Dallas, Texas 
Francis Hankin — Montreal & Toronto, Canada 


AMERICA’S LARGEST MANUFACTURER 
OF PIPE CLEANING TOOLS AND EQUIPMENT 
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to do so.” By Feb. ’51 no less than 
7 organizations in U.S. had approved 
fluoridation. Dental caries is caused 
by acids resulting from action of mi- 
croorganisms or carbohydrates. It is 
characterized by decalcification of or- 
ganic portion of tooth, and is either 
accompanied or followed by disinte- 
gration of organic substance. Certain 
bacteria, notably Lactobacillus Aci- 
dophilus, have long been considered to 
be implicated in dental decay processes. 
It is believed that fluoride ion inhibits 
acid formation activity without neces- 
sarily affecting viability of causative 
organism. Epidemiological — studies 
show that inverse relationship exists 
between concen. of fluorides and inci- 
dence of dental caries. Optimum concen. 
exists at approx. 1.0 ppm. Large-scale 
studies have been conducted in U.S. 
on impressive scale—for example, at 
Newburgh and Kingston, N.Y. For 


fluoride ingestion to be effective it 
must take place during teeth formation 
period, during first 8 yr of life. Effect 
of fluoride is detectable in adults who 
have been raised in areas served by 
water supplies containing 0.8-1.0 ppm. 
Investigation of possible toxic effects 
of fluorides is in progress. Lethal dose 
has been estimated as approx. 4.0 
g. Acute morbidity may be caused 
by 0.25 g. Nothing has been shown 
to suggest that prevalency or ma- 
lignancy of cancer is affected by ex- 
posure to waterborne fluorides. Meth- 
ods of removal of fluorides include: 
filtering through prepared bone media 
contg. calcium phosphates; adsorption 
with aluminum compds.; ion exchange 
by complex metal chloride silicates, 
specially treated asphaltic materials, 
and an organic resinous anion ex- 
change material made from diamino- 
benzenes or phenols and formaldehyde ; 


(Continued on page 60) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 
Can be used for any de- 


termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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HERSEY DETECTOR METERS 


are on the fire services of a majority of both large and small indus- 
trial plants from coast to coast. There’s a reason why experienced 
Water Works Engineers use HERSEY. 


Get the facts from our Catalog or Our Representative in your locality 


HERSEY MANUFACTURING COMPANY 
SOUTH BOSTON, MASS. 


BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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lime softening; magnesia; activated 
carbon; fullers earth; and silica gel. 
Fluoride ion is conveniently added to 
water supplies in form of sodium fluo- 
ride, sodium fluosilicate, and as fluo- 
silicic acid. Care must be taken in 
handling of all fluorides. Hazard can 
be elimd. by suitable precautions, such 
as provision of vacuum dust extractors. 
Point selected for addition of fluoride 
to water supply does not appear to be 
particularly critical. It would perhaps 
be preferable to apply it as last stage 
of treatment. Preferred method for 
detn. of chloride in drinking water is 
that recommended by Joint Committee 
of Inst. Wtr. Engrs., Royal Inst. 
Chem., and Soc. Pub. Analysts. The 
preferred method is a colorimetric pro- 
cedure using zirconium alizarin re- 
agent. Pink color is discharged in 
presence of fluorides, solution becom- 
ing yellowish. Interesting side effect 
of fluoridation is brittleness of manu- 
factured ice. Difficulty was overcome 
at Charlotte, N.C., by addition of am- 
monium chloride—H. E. Babbitt 


The Correlation Between Dental 
Caries and the Fluorine Content of 
Drinking Water in Hrvatsko Pri- 
morje (Croatian Littoral). D. To- 
MIC, V. RITTERMANN, & R. Upovic- 
Erak. Folia Stomatol. (Yug.), 10:85 
(49). The F content varies from 
0.030 to 0.100 mg F/I, the avg. being 
0.060. The dental caries rate for adults 
(21-35 yr) is 84% in Senj and 100% 
in Rijeka, the avg.% of carious teeth 
in one person being 27 (in Rijeka: 
34.9). At the Rijeka Children’s Hos- 
pital the dental caries rate is 95%, the 
avg.% of carious teeth in one child 
(avg. age: 9.7 yr) being 22.2. At the 
Children’s Home in Lipik (northern 
Croatia), where the water contains 
0.290-0.482 mg F/I, the dental caries 
rate is only 78% and the avg.% of 
carious teeth in one child (avg. age: 
11.3 yr) is only 7.0%.—CA 


Fluorine in Drinking Water and 
Spotted Tooth Enamel. R. D. Gaso- 
vicH. Gigiena i Sanit. (USSR), 8: 
13 (’50). The effect of fluorine in 
drinking water on tooth enamel is re- 
viewed. In the Ukraine it was found 
that there was a rapid increase in the 
spotting of enamel when the conc. of 
fluorine in the water supply rose from 
1 to 4 mg per I, and that with concs. of 
more than 4.2 mg per 1 more than 
33% of the population showed severe 
spotting of enamel.—_WPA 


Something New in Fluoridation. J. 
H. Svore & A. E. Wittramson. Off. 
Bul. N. D. Wtr. & Sew. Wks. Conf., 
18:8,9:2 (’51). Data from 24 surveys 
on the incidence of dental caries among 
school children in various communities 
have been analysed to det. the relation 
between age of child and DMF (de- 
cayed, missing, filled) value as a func- 
tion of the content of fluorine in the 
water supplies. Results indicate that 
for any given content of fluorine the 
curve showing the relation between 
DMF rate and age was typical of a 
unimolecular reaction. It is consid- 
ered that a comparison of the values 
of the reaction constant would be a 
better method of detg. the effectiveness 
of adding fluorine to water supplies 
than comparing DMF rate per child 
with a fixed std., such as age. Inter- 
pretation of the data in this way indi- 
cates the importance of having at least 
0.1 ppm fluoride in water supplies and 
preferably more than 0.35 ppm.—_W PA 


Fluorine in Drinking Water. M. De 


Ripper. Bul. Centre Belge et Doc. 
Eaux (Belg.), 7:421 (’50). The ef- 
fects on man of fluorine in drinking 
waters are discussed with reference to 
water supplies in the U.S. and South 
Africa—WPA 


Research Into Fluoridation Effects. 
M. Dantow. Munic. Util., 89:11:26 


(Continued on page 62) 
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Information courtesy Rock Island Dept. of Public Works 


Rock Island, Illinois, has reason to be proud of 
its waterworks. It's one of the best — as it must 
be, to keep abreast of the city’s rapid growth. 

The waterworks has 10 rapid sand filters, each of 
1 MGD capacity. It has two 12 MGD and one 7 
MGD pumps to supply the filters, and provide 
ample pumping capacity in reserve. 

In connection with its recent modernization and expansion 
program, Rock Island joins the growing list of cities using the 
highly efficient porous underdrain system. ALOXITE aluminum 
oxide porous plates are installed in all 10 of their filters. 

Rock Island is to be congratulated on its up-to-date water- 
works. Our contribution — the porous plate underdrains — 
will go a long way toward insuring low operating and main- 
tenance costs. 


Operating floor of filtration plant 


The recent modernization program of the Rock Island Water- 
works was under the direction of Mr. James R. Palmer, Director 
of Public Works. Consulting Engineers — Greeley and Hansen, 
Chicago, Illinois. 


May we send you our popular 
booklet on porous media? Its 56 
es cover all fields of filtration 


Use porous plates and diffusers by and diffusion. No obligation, of 
CARBORUNDUM 


Dept. 0-107, Refractories Division - The Carborundum Company, Perth Amboy, N. J. 
""Carborundum” and "'Aloxite’’ are registered trademarks which indicate manufacture 
by The Company. 
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(Nov. ’51). Events which led to es- 
tablishment of relationship between F 
and mottled tooth enamel and _ inci- 
dence of caries reviewed. As of Feb. 
1, ’51, 68 cities known to have adopted 
fluoridation. Reduction in caries in- 
cidence reported in all communities 
in which study projects undertaken. 
Summary of results included: reduc- 
tion varies from approx. 20% in older 
age groups to approx. 50% in youngest 
group. F compds. toxic, but so are 
Cl and I, in excessive amts. Also, F 
present in various concns. in foods. 
Estd. daily F intake from food 0.19- 
0.32 mg. In temperate climates, avg. 
adult drinks 1200-1600 ml water daily ; 
if F concen. 1 ppm, 1.2-1.6 mg ingested 
from this source. Balance soon estab- 
lished in body between F storage and 
excretion: 70-90% excreted in urine. 
No damage to bone structure and kid- 


neys found when water contains up to 
5 ppm F; at 1 ppm, no toxic effect 
except slight marring of enamel in 
small percentage of cases, unrecog- 
nizable by layman in many instances. 
Most dental and health authorities be- 
lieve that it is no longer necessary to 
wait until present studies completed 
before adopting fluoridation. Saska- 
toon water contains 0.1 ppm F. Local 
committee appointed to study fluorida- 
tion recommended adoption.—R. E. 
Thompson 


Public Health Aspects of Water 
Fluoridation. Herman E. 
& Davin B. Ast. Am. J. Pub. Health, 
41:1370 (Nov. ’51). Water fluorida- 
tion represents a significant advance in 
public health practice. Practicability 
of the operation, relatively low cost as 
compared to proven benefits, existence 


(Continued on page 64) 


On Call... 
to tell your story for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
...to your personnel. You'll find him 
a master of the art of putting across 
your ideas...of soliciting co-operation 
...of establishing good will. Call him 
up... put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports... you'll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, in 32 different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


WORKS ASSOCIATION 
New York 17, New York 


OQAwWWA 


AMERICAN WATER 
521 Fifth Avenue . 
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BETTER 
WATER 
STORAGE 


high above 


NIAGARA 
FALLS, N.Y. 


PITTSBURGH-DES MOINES 


Cleve leaks 


Removed from the ceaseless roar of Niagara, is this dependable elevated 
reservoir of water for the community needs of the city The 2,000,000- 
gallon Pittsburgh-Des Moines Elevated Steel Tank is our low head-range Radial 
Cone Bottom design, 101’ 0” diameter, 35’ 0’’ head range, with height to bottom 
104’ O’’. For full information on this and other modern Pittsburgh-Des Moines 
Elevated Steel Tank types, write for our new 20-page Bulletin 101. 


PITTSBURGH - - DES MOINES STEEL CO. 


NEWARK (2), . . 221 Industrial Office Bldg. 
CHICAGO (3), 1228 


SEATTLE... 532 Lane Street 
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of evidence that continued ingestion of 
excessive fluoride presents no other 
hazard than mottled enamel, coupled 
with the concept that the practice 
is preventive rather than curative, 
strongly indicate desirability of accept- 
ing fluoridation of water supplies as a 
sound attack on the dental health prob- 
lem.—PHEA 


Ontario Municipality Begins Water 
Fluoridation. Eng. & Contract Rec- 
ord, 65:5:102 (May ’52). Fluorida- 
tion with NaF inaugurated at Fort 
Erie, Jan. 18, 52. F content of sup- 
ply from Niagara R. increased from 0 
to 1.0-1.2 ppm. Equip. includes dry 
feeder and soln. mixing chamber.— 
R. E. Thompson 


Water Supply of the City of Sao 
Paulo, and its Fluorine Content. 
M. A. P. Campos. Ann. Fac. Farm. 
e Odont. Univ. S. Paulo (Braz.), 7: 
209 (’48-’49). The author reviews 
the relation between the incidence of 
dental caries and the content of fluorine 
in drinking water. The water supply 
of Sao Paulo, Brazil, contains 0.04—- 
0.08 ppm fluorine —WPA 


STREAM POLLUTION 
CONTROL 


The Water-Pollution Control Pro- 
gram of Ohio. B. M. McDitt. Eng. 
Exp. Sta. News, Columbus, O., 23:2: 
18, 38 (’51). An acct. is given of 
legislation concerning the control of 
poln. of surface waters in Ohio, with 
special reference to the status of the 
Ohio State Dept. of Health and to 
the organization and activities of its 
Water Poln. Control Unit—WPA 


Ohio Health and Water-Pollution 
Control. F. H. Warinc. Eng. Exp. 
Sta. News, Columbus, O., 23:2:20, 40 
(51). To enforce compliance with 
the Ohio R. Valley Water Sanitation 


Compact, legislation has been enacted 
prohibiting the discharge of untreated 
sewage and industrial waste waters 
into surface waters of Ohio. A sur- 
vey has shown that 47 cities in Ohio 
have no sewage-treatment works. It is 
proposed to construct plants to serve 
Cincinnati and five suburban cities. 
The need is stressed for a thorough in- 
vestigation to find all areas in the state 
where treatment of sewage and trade 
waste waters is inadequate. The prob- 
lem of financing new works is dis- 
cussed.—_W PA 


The Lake Erie Pollution Survey. 
C. V. Youncguist. Eng. Exp. Sta. 
News, Columbus, O., 23:2:12, 34 
(’51). The purpose and organization 
of the survey of poln. in Lake Erie 
being carried out by the Ohio Dept. 
of Natural Resources are described. 
Preliminary investigations have in- 
cluded collection of data on the quality 
of sediment discharged into the lake 
by rivers, and bact. and chem. analyses 
of tributary rivers. On the basis of 
information so far obtained, an est. is 
made of the extent and nature of poln. 
in streams entering Lake Erie and of 
its effect on the use of waters of the 
lake for industrial and other purposes. 
—WPA 


$1,500,000 Expenditure by Windsor 
Industry to Curb Detroit R. Pollu- 
tion. Munic. Util., 90:26 (May ’52). 
In accordance with aims of Interna- 
tional Joint Com. on Poln. of Boundary 
Waters, Hiram Walker and Sons has 
placed in operation plant for convert- 
ing stillage (fermentation residues) 
from 5000-bu distillery into distillers’ 
dried grains and dried solubles, used 
as stock feeds. Formerly, approx. one- 
half recovered. Production of 1 bbl 
whiskey requires approx. 10 bu grain 
and yields 200 lb feed, which, properly 
fed, will produce more meat than the 
560 lb original grain. Believed that 


(Continued on page 66) 
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Smoothest operating 
hydrant on our system! 


... that’s what they’re saying about the 
new Darling B-50-B ball bearing 
operated fire hydrant 


R. JOSEPH M. ROGEVEN, Superintendent of Water Dis- 

tribution, City of Jackson, Michigan, is pictured above with 
one of his new Darling B-50-B hydrants. In a recent letter he 
has this to say... 

“Your new B-50-B ball bearing hydrant, installed several 
months ago, has been examined and tested frequently. It is the 
easiest and smoothest operating hydrant on our system. 

“We have been using Darling hydrants since 1907 and have 
several other makes also in our system, but we feel this B-50-B 
is really revolutionary. The new ‘O' rings, replacing conventional 
packing, will mean less maintenance cost and worry, which is 
an item we consider carefully when selecting our equipment.” 

Mr. Rogeven could go on to tell you that the B-50-B is a 
packless, dry-top hydrant . . . and that its ball bearing action easily 
cuts operating torque a full 50 percent. And that’s only the begin- 
ning! So why not get a// the facts? 


Simply write for data bulletin No. 5007 


DARLING VALVE & MANUFACTURING CO. 


WILLIAMSPORT 23, PA. 
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revenue from products recovered will 
at least pay cost of recovery.—R. E. 
Thompson 


Water Pollution Control. Prelimi- 
nary Report, Assembly Interim Com- 
mittee on Air and Water Pollution. 
Assembly of the State of California 
(’51). 

1. Water Pollution Control Boards. 
In the early months of ’50, the Dickey 
Water Poln. Act (Ch. 1549, Statutes 
of 1949) was implemented by appoint- 
ment of the nine regional water poln. 
control boards and a State Water Poln. 
Control Board. Offices were estab- 
lished at principal cities in each of the 
regions, and organization of the boards 
has proceeded rapidly under appointed 
executive officers. Despite the brief 
period during which this program has 
been in operation, it is obvious from 
the reports of the boards and reports 
received from many sources, that real 
progress is being made not only in the 
prevention of water poln. but also in 
the rapid correction of damaging and 
dangerous conditions which have ex- 
isted for many years. The progress is 
reported from every region of the state 
of Calif. 

The concurrent statute which 
strengthened the public health aspects 
of the water poln. control program and 
returned primary responsibility for 
control to the local level (Ch. 1550, 


has resulted in a 
substantial start upon this difficult 
phase of the problem. The public 
health authorities anticipate that, in 
spite of budgetary and personnel prob- 
lems, the next 2 yr will see this phase 
of the water poln. program, and par- 
ticularly the regulation of public water 
supplies, brought under complete con- 
trol. 

With the exception of the extension 
of the powers of the regional boards in 
the field of water well drilling, which 
is discussed below, only minor amend- 
ments to these laws are indicated at 
this time. These include: the excep- 
tion of discharges from single house- 
holds under the requirement for filing 
of reports; a specific statement that 
the regional boards shall not specify 
the location of any particular treatment 
plant (in addition to the existing pro- 
hibition against specifying the design 
or manner of treatment) ; a provision 
for a central recording of the official 
actions of the various regional boards 
in the office of the state board; and a 
provision to enable the state board to 
assist the citizens in local areas where 
formation of some type of district is 
necessary for abatement of poln. 

2. Water Well Drilling Standards. 
After thorough discussion with the re- 
gional and state Water Poln. Control 
Boards, representatives of the water 
well drilling profession, the Div. of 


Statutes of 1949) 
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Machine blended for 


perfect jointing performance 


NORTHROP & COMPANY, INC. 


SPRING VALLEY NEW YORK 


a 
‘ 
| 
| 
> a 
wr 


Oct. 1952 


JOURNAL AWWA 


P&R 67 


specifie 


at two modern Kansas water works 


Easy-to-clean TOREX enamel 
protects and beautifies the con- 
crete walls of filter beds at the 
Russell, Kansas, Water Works. 
Piping, walls and ceilings get 
Ramuc Utility, a chlorinated 
rubber-based enamel. 


bul 


At the Hays, Kansas, Water 
Works, TOREX Seagreen #304 
guards submerged concrete sur- 
faces. TOREX’s pore-free surface 
cleans quickly, prevents mud- 
ball formation. Nonsubmerged 
surfaces take long-wearing 


Ramuc Utility. 


Wilson & Co., Consulting Engineers of Salina, Kansas, 
specified Inertol Paints for wear, savings and looks 


In specifying coatings for both of these 
Water Works, Wilson & Co. wanted durable 
paints that would provide the long-haul 
economy which means complete customer 
satisfaction. And that’s why Inertol paints 
rated first on their list. Developed especially 
for water works application, Inertol coatings 
far exceed requirements for hardness, elasti- 
city, inertness and water-resistance. And 


Wilson & Co. knew that the Inertol line had 


INERTOL 


480 Frelinghuysen Avenue 
Newark 5, New Jersey 


proved its superiority in thousands of instal- 
lations throughout the United States. 

Inertol Field Technicians will gladly fill 
you in on all the facts —help choose the 
Inertol coatings to fit your precise needs. Or 
send today for our free Painting Guide. Ii 
you’re a Specification Writer, Design En 
gineer, Plan Superintendent or Contractor, 
you'll refer to it time and again. Write for 
your free copy today! 


INC. 


27 South Park, Department 1 
San Francisco 7, California 
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Water Resources and others, it is con- 
cluded that further steps can be taken 
at this time toward obtaining adequate 
control of water well drilling practices 
in critical areas where poln. of water 
may occur through interconnection of 
pold. surface waters or waters in 
strata of different quality. 

In the series of poln. laws enacted 
in 1949, Ch. 1552 directs the Div. of 
Water Resources (among other things) 
to... “investigate and survey condi- 
tions of damage to quality of under- 
ground waters ... caused by improp- 
erly constructed, abandoned, or defec- 
tive wells through the interconnection 
of strata or the introduction of surface 
waters into underground waters. The 
department shall report to the appro- 
priate regional water poln. control 
* board its recommendations for mini- 
mum standards of well construction in 
any particular locality in which it 
deems regulation necessary to protec- 
tion of quality of underground water. 

..’ At that time, however, no au- 
thority was given to the regional 
boards to adopt the standards of well 
construction recommended by the di- 
vision, nor were the boards given any 
other jurisdiction over water quality 
problems not involving sewage or in- 
dustrial waste. 

It is therefore proposed at this time 
that authority be granted to the re- 
gional boards to adopt the recom- 
mended standards of water well con- 
struction which may be presented by 
the Div. of Water Resources for de- 
fined critical areas in which water poln. 
is occurring or is threatened. The 
stds. would be applicable only in the 
exact area defined by the Div. of Wa- 
ter Resources, and authority of the 
regional boards would not extend to 
modification of the stds. proposed for 
such critical areas. The regional 
board would be directed to hold public 
hearings and either adopt the recom- 
mendations as presented or refer them 


to the division for further study. En- 
forcement of the provisions would rely 
largely upon disciplinary action against 
licensed contractors who might violate 
the provisions. 

It is further proposed that the re- 
gional boards be empowered to order 
remedial work done whenever they 
find that a well has been improperly 
constructed. Under a new licensing 
procedure which is proposed, water 
well drillers would be required to post 
suitable performance bonds to insure 
compliance with construction stds. 
adopted by the regional boards. If 
any order of a regional board for 
remedial work is not complied with, 
the board would be authorized to con- 
tract for the work and recover the 
costs from the bonding agency. 

As a further step in this control 
program, it is proposed that advance 
notice of intention to drill a well in 
any part of the state always be filed 
with the appropriate regional board— 
not in any sense as an application for 
a permit to construct a well, but merely 
as a notification, so that, if standards 
have been established for the particu- 
lar area, the well driller may be prop- 
erly advised. 

3. Water Well Drilling Contractors. 
At the 1949 Session a bill to provide 
for separate licensing of water well 
drilling contractors failed to pass. In 
lieu of the proposed bill, certain amend- 
ments strengthening the enforcement 
powers of the Contractors’ State Li- 
cense Board relating to water well 
drillers were enacted. During the in- 
terim period, considerable progress has 
been made in bringing water well drill- 
ers under license, but it is considered 
that some further steps should be 
taken at this time. 

The most important consideration in 
the licensing of these contractors is the 
detn. of whether or not the applicant 
is honest and thoroughly skilled in his 
profession. Representatives of the well 
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METER 
EQUIPMENT 
H-14000 
Meter Yoke 


FIRE HYDRANTS 


REDUCING & REGULATING 
VALVES 
No. H-9000 


MUELLER CO. offers you a complete selection of waterworks 
distribution equipment, supplies and specialties designed and 
manufactured to high standards of quality and perfection. Write 
for catalog information on any of these product lines. 


Dependable Since 1857 
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~ Oth Edition ~ 


Standard 
Methods 


~ 1946 ~ 


286 Pages Price $4.00 

Orders for the current edi- 
tion of Standard Methods 
for the Examination of 
Water and Sewage are 
now being filled through 
the publication office at 
APHA headquarters, 1790 
Broadway, New York 19, 
N.Y. 


Both cash and credit or- 
ders from AWWA mem- 
bers will receive promptest 
attention if sent directly 
to the APHA office. If 
credit is desired, please in- 
dicate your AWWA affilia- 
tion on the order. 


Published jointly by 


AMERICAN PUBLIC HEALTH 
ASSOCIATION 


and 


AMERICAN WATER WORKS 
ASSOCIATION 
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drilling profession and many others 
interested in this problem feel that the 
present procedures of the Contractors’ 
State License Board to accomplish this 
can be improved. It is therefore pro- 
posed that within the structure of the 
present Contractors’ License Board, a 
separate or subboard be established for 
the purpose of examining applicants 
and taking disciplinary action. In ef- 
fect, this would create a separate li- 
censing procedure without setting up a 
new administrative agency. 

This procedure under the Contrac- 
tors’ State License Board, rather than 
an entirely separate admin. body for 
licensing of water well drillers, has 
been made possible by a superior court 
decision handed down in the case of 
Bowline v. Gries (July ’50) in which 
it was ruled that the so-called agri- 
cultural exemption of the contractors’ 
license law does not extend to water 
well drilling. Until this was done it 
was virtually impossible to enforce the 
present licensing procedure in this pro- 
fession. In order to make certain that 
no doubt remains about the exclusion 
of well drilling from the agricultural 
exemption, it is proposed to amend that 
section of the contractors’ license law 
with a specific exception of water wells. 

In addition to this amendment, it 
has been recommended by the Regis- 
trar of Contractors that the provision 
which exempts contracts under $100 
value be repealed as it relates to water 
wells. This exemption has made eva- 
sion of the present licensing procedure 
possible by the device of an unscru- 
pulous operator renting his equipment 
to an owner, and then hiring out as 
an employee for wages. 

4. Abandoned Wells. In order to 
implement the recommendations of the 
Div. of Water Resources on aban- 
doned water wells which may be caus- 
ing poln. of underground reservoirs, it 
is proposed that a sum of money be 
allocated to the State Water Poln. 


(Continued on page 72) 
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BASIC FORMULA FOR 
DRY CHEMICAL FEEDING 


FED BELT+ SCALE = ACCURACY 


W&T MERCHEN SCALE FEEDER 


This basic formula, supplemented with a new, 
improved scale beam for controlling the position of the 
hopper feed gate, ensures the wide range accuracy and 
dependability which characterize the W&T Merchen 
Scale Feeder. 


For feeding a few pounds or hundreds of pounds 
per hour, the Merchen Feeder offers these features: 


e Continuous feed by weight 
e Built-in totalizer 

e Totally enclosed motors 

@ Oil seals on all bearings 

e@ Low maintenance costs 

e Trouble-free operation 

e Easy feed rate adjustment 


Any water works dry chemical — alum, lime, 
flourides, carbon—can be fed with extreme accuracy by 
Wé&T Merchen Scale Feeders. For complete information 
on Merchen Feeders, write today. 


wee & TIERNAN 


COMPANY, INC. 


EW JERSEY * REPRESENTED IN 


q 
4 
~\ 
I 
- 
: 


Control Board for reallocation to the 
Div. of Water Resources for specific 
work in sealing existing abandoned 
water wells where considered neces- 
sary to the protection of underground 
basins. 

An amendment to the existing law 
which requires filing of logs of new 
wells is proposed to include reports of 
repair and abandonment of wells. 

5. State Water Poln. Control Fund. 
The 1949 Legislature allocated to the 
State Water Poln. Control Board the 
sum of $1,000,000 to be available for 
loan to communities that are unable to 
finance adequate sewerage facilities un- 
der established financing procedures. 
After thorough study of the admin. 
procedures in this act, the State Water 
Poln. Control Board has submitted to 
committee several recommendations to 
clarify the law and to insure that it 
will be applied in actual hardship cases 
and in a manner that will be of great- 
est benefit to the state. The committee 
concurs in these recommendations and 
they are presented as transmitted by 
the board. 

In addition to these changes, it is 
believed that provision should be made 
now to increase this fund by the resi- 
due of the funds appropriated by the 
1947 Legislature in the Construction 
and Employment Act, Ch. 20, and the 
residue of funds appropriated for plan- 
ning under Ch. 47, Fourth Extra- 
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ordinary Session, 1944, when those acts 
expire. These funds were originally 
appropriated to the cities and counties 
with specific legislative priority for 
construction of poln. abatement works. 
This step is more than ever necessary 
for the protection of the public health 
at this time because of possible dam- 
age to sewage and waste treatment 
works from acts of war or other dis- 
aster, and it is further proposed that 
priority be provided for assistance in 
reconstruction of these community fa- 
cilities whenever damaged by floods, 
acts of war, or other disaster. 

6. Salt Intrusion. A further appli- 
cation of the State Poln. Control Fund 
is considered necessary at this time— 
that is, a provision to empower the 
state board to assist local communities 
in construction and operation of proj- 
ects to correct or prevent the intrusion 
of saline waters into underground res- 
ervoirs. The recent report of the Div. 
of Water Resources, prepared for the 
State Water Poln. Board, clearly indi- 
cates the emergency nature of this 
problem. The physical remedies for 
the condition, particularly the mainte- 
nance of the so-called fresh water bar- 
rier, appear to justify one or more field 
projects to det. the feasibility of this 
procedure. Such projects, however, 
may be beyond the capacity of local 
authorities to construct and operate, 
and since they would be of great value 


P. O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each. 
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NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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ASK TO SEE 
“DEEP WATER” 


—Layne’s new all color 
and sound motion picture 
on well and pump build- 
ing. No obligation. 
Write for details now. 
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Supreme 
Ruggedness and Quality 


Matching the world’s foremost 
records of high efficiency is the ever 
present elements of ruggedness and 
quality to be found in all Layne 
built wells and pumps, 


Each unit is built to maintain 
high efficiency under all conditions 
no matter how heavy the load may 
be or how long the hours of opera- 
tion. 


VERTICAL TURBINE PUMPS— WATER TREATMENT 


Part by part everything that goes 
into a Layne built well and pump 
is of the finest materials yet found 
for that particular need. This 
means that the parts hidden from 
sight, deep in the ground, are com- 
pletely dependable and rugged 
enough for many years of excellent 
service. 


For catalogs and other informa- 
tion, address 


LAYNE &@ BOWLER, INC. 
General Aa Memphis 8, Tenn. 


WATER WELLS 
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to the state as a whole, it is considered 
that participation by the state in these 
costs is fully justified. It is proposed 
that the state board be empowered to 
grant such funds with adequate pro- 
vision for record and study of the 
results of the project. 

Another recommendation with re- 
spect to salt intrusion has been trans- 
mitted to the committee by the State 
Water Poln. Control Board. It is 
proposed that the board be authorized 
to initiate adjudication proceedings in 
any area where overpumping of wells 
is causing salt intrusion which threat- 
ens to destroy the underground basin. 
This action would be taken only after 
investigation by the Div. of Water 
Resources, and full public hearings 
within the region affected. The state 
would bear the costs if the Div. of 
Water Resources is appointed to act 
as referee. 

In order to make this proposal prac- 


tically effective, consideration should 
be given to amendment of the statu- 
tory procedure for adjudication of wa- 
ter rights to include underground as 
well as surface waters. 


Waste Treatment at the Montier- 
chaume Distillery. M. Renarp. 
Tech. Munic. et Sanit. (Fr.), 45:226 
(Oct. 51). The distillery, 5.2 miles 
from Chateauroux-Deols (40,000 pop. ), 
designed for 300 tons of sugar beet per 
day, discharged its untreated effluent 
into a tributary of the Indre R. near the 
city’s supply of spring water. These 
catchments were severely pold. by or- 
ganic matter from distillery slops seep- 
ing through the fissured limestone dur- 
ing the very dry summer of ’49. 
Treatment by spraying over deeply 
plowed (1'6”) ground was selected, 
the seepage ultimately to end in a small 
stream. Filtration rate, porosity, and 
permeability coefficients were deter- 
mined, along with the depth of ground 
over bedrock (3’4”-3’7”) at a site ap- 


proved by the state geologist, and ad- 
judged sufficient for absorbing 3.78 
gpd per acre of mixed wastes (3/5 
slops) and the max. rainfall (2.62” 
per mo) with a safety factor of 4 to 6. 
Spraying was effected with 3 removable 
rotary gun type sprinklers connected 
with the plant’s waste settling basins. 
Actual operation (Oct. 19-Dec. 12, 
50) showed effective waste disposal 
by complete absorption by the ground 
(max. time needed—6 hr.), and no 
appreciable modification of the pH, 
clearness, odor, or fishlife of the small 
stream. An abnormal rainfall (6.5” 
in Nov. ’50) produced surface runoff 
of dilute waste, but controlled release 
prevented bad effects, except a little 
growth of Sphaerotilus and green al- 
gae. Twice as much land plowed 
along level curves is preferable to the 
present area, and continuous operation 
would insure more regular sprinkler 
functioning. Pipe and equipment cor- 
rosion will be avoided by mixing lime 
with waste before spraying, instead of 
liming the soil directly. Fertilization 
by N, P.O;, and K.O from the waste 
is 10 to 50 times more than normally 
needed for sugar beet or grain culture. 
—M., Albanese 


Purification of Streams in the Grand 
Duchy of Luxembourg. M. GILLEN. 
Bul. Centre Belge et Doc. Eaux 
(Belg.), 5:201 (’49). In the Grand 
Duchy of Luxembourg, some streams 
are still unpold. but others are heavily 
pold. The river Wiltz, which has an 
avg. flow of 1.5 cumeter per sec, is 
pold. with sewage and waste waters 
from two tanneries, a brewery, a dairy, 
and a slaughterhouse. The siver Al- 
zette, and its tributaries, the Kaylbach 
and the Dudelingerbach, are heavily 
pold. with sewage and waste waters 
from various industries. The results 
of analyses made in 1945 at different 
points on the river Alzette are given in 
a table. The temp. of many of the 
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SETTLING ZONE 


SLURRY LEVEL CONTROL 


\ 
SLUDGE ORAWOFF PIE 


QUICK OPENING VALVE LIME SODA SOFTENING 
TURBIDITY AND COLOR REMOVAL 
INDUSTRIAL WASTE RECOVERY AND TREATMENT 


The AMERICAN Flocsettler contains in one unit all the modern fea- 
tures of water and waste treatment including mixing and slurry 
blending, slurry recirculation, sludge blanket settling, sludge con- 
centration, and sludge removal. Each of the above features is positive 
and adjustable with the AMERICAN Flocsettler. Design permits 
immediate normal operation after shut-downs. 


SEND FOR TECHNICAL SUPPLEMENT FL AND COMPLETE DESIGN DATA 


Our staff of Sanitary En- Am 

gineers will cooperate with ERIC i EI i ORKS 

consulting and operating 

engineers in suggesting the 1N OUR 84th YEAR Sewage ond 

po aaiiietiniuendy AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 
Offices: Chicago + New York - Clevelond « Cincinnati - Kansas City - Soles Representatives throvghout the World 


Oct. 1952 P&R 75 
r ETT L E R | 
PROVIDES COMPLETE, EFFICIENT 
WATER CONDITIONING 
UNIT) 3. settt vat 
IN ONE 4. SLUDGE nemo 
F ~ | 
SOLENOID VALVE “SLUDGE CONCENTRATION \ / 


waste waters discharged into these 
streams is high and sometimes the 
temp. of the river water may be 6.7 C 
higher than atmospheric temp. Small 
streams are often heavily pold. with 
sewage and garbage from villages. 
Legislation concerning poln. in the 
Duchy, including stds. for the treat- 
ment of effluents before discharge, is 
reviewed. Strict enforcement of regu- 
lations to control poln. and the provi- 
sion of plants for treating sewage and 
trade waste waters before discharge 
are recommended.—W PA 


Water-Supply Protection in Switzer- 
land. Otto Gas-u. Wasser- 
fach (Ger.), 93:145 (’52). In recent 


years heavy contamn. of Swiss lakes 
has caused a reduction in O content of 
many of the lakes other than those at 
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the edge of the Alps. Asa result, FeS 
tended to deposit and the red Oscilla- 
toria rubescens was found in large 
quantities. Under these conditions, 
only a poor quality of fish can be re- 
covered from the lakes. Some cantons 
have passed laws to regulate the flow 
of sewage into streams and lakes, but 
must suffer from contamn. higher up 
on the stream. National action is 
pending to forbid the introduction of 
unpurified sewage into public or pri- 
vate waters. Many communities have 
built or are building sewage-purifica- 
tion plants—CA 


Flow-Metering Equipment for Meas- 
uring Industrial Wastes. G. New- 
BERG. Mech. Eng., 73:588 (’51). The 
author discusses the characteristics of 
instruments for measuring the flow of 


SODIUM 
FLUOSILICATE 


(Silico Fluoride) 


CARSON CLAMPS 

AND CHARCOAL CAST IRON BOLTS 

Stop Joint Leakage 
Write for information 


H. Y. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 
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For Reasons of Service 
and Low Ultimate Cost 


Get acquainted with the merits of these 
Crane A.W.W.A. Gate Valves. They 
not only comply 100% with, but ex- 
ceed the requirements of the A.W.W.A. 
specifications. You can count on them 
for smooth, positive flow control under 
all operating conditions, and long serv- 
ice life with minimum maintenance. 


BODY AND BONNET— Uniformly thick sec- 
tion heavily reinforced adjacent to bon- 
net and end flanges. Tie ribs on flanged 
valves give additional support to body 
... guard against line strains. Straight- 
through ports permit uninterrupted fluid 
flow. 


DOUBLE DISCS—Parallel seat and double 
disc construction assures more positive 
operation, tight seating and easy open- 
ing. Either hook controlled wedges or 
upper and lower spreaders are used to 
force discs outward upon seating—and 
to release discs from their seats at the 
first opening movement. 


SEATS AND DISCS—Body seat rings are 
brass and screwed in. Discs are brass or 
iron with brass seating faces. 


STEM—Crane Cast Manganese Bronze— 
an alloy of unusually high tensile and 
torsional strength—for all sizes of non- 
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CRANE 
your valve buy 
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Cross-section 
non-rising 
stem, hub 
ends. As 
made in sizes 
12-inch and 
smaller. 


HL 


rising stem valves. O.S.&Y. patterns have 
brass stem and brass stem hole bushing. 


GLAND AND STUFFING BOX—Two-piece 
ball-type gland has malleable iron gland 
flange and brass gland. Zinc-plated 
gland bolts and brass nuts eliminate 
possibility of corrosion. Ball type bear- 
ing compensates for unequal adjustment 
of bolts; evenly distributes load on pack- 
ing; avoids stem binding. Can be packed 
while under pressure. 


Get full details from your Crane Repre- 
sentative, or see your Crane Catalog. 


Outside screw and yoke, 
with handwheel. Flanged 
ends. Sizes 2 to 24-inch. 


The Complete Crane Line Meets All Your Valve Needs. That’s Why 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and W bolesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING * HEATING 
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liquids, particularly sewage and trade 
waste waters, in completely filled pipes 
and in partially filled pipes and open 
channels. The type of meter chosen 
depends on the conditions under which 
it will be operating. Special considera- 
tion must be given to corrosive liquids 
and liquids containing suspended sol- 


ids—WPA 


Aquatic Invertebrates as Indicators 
of Stream Pollution. Arpen R. 
GAUFIN & CLARENCE M. TARZWELL. 
Public Health Rpts., 67:57 (Jan. ’52). 
This paper is the first in a series of 
biological studies of stream sanitation. 
It deals with diurnal variations in 
temp. and oxygen in a stream pold. 
with oxygen-depleting wastes. It was 
found that diurnal variations are 
greatest in the spring and summer 
period and are slight during winter. 
Areas which are in the lower part of 
the septic zone have the highest oxy- 
gen concns. in the afternoon but oxy- 
gen may almost disappear during the 
night. As the summer advances, oxy- 
gen depletion becomes progressively 
more extensive and by late summer the 
septic zone is established where oxygen 
is absent or nearly absent during the 
24-hr period. Physical-chemical con- 
ditions were correlated with aquatic 
oppulations so that given sets of 
physical-chemical conditions were di- 
rectly related to the fauna which de- 
veloped. In investigating the use of 
biological indicators, the following con- 
clusions were reached: 1. Single spe- 
cies of organisms such as Tubifex tubi- 
fex, or Chironomus tentans cannot be 
used safely as indicators of poln. unless 
their relative abundance is considered ; 
2. The absence or much reduced num- 
bers of formerly present clean-water 
species constitutes an important index 
in evaluating the degree of poln; 3. 
The quant. and qual. composition of 
an aquatic pop. constitutes a valuable 
index in delineating zones of poln. 
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in a stream; 4. In interpreting the dis- 
tribution of organisms in a stream as 
an index of pollutional conditions, all 
environmental factors should be con- 
sidered; 5. Pollutional associations are 
characterized by few species but large 
numbers of individuals ; 6. The associa- 
tion of organisms normally present un- 
der most septic conditions is charac- 
terized by the absence of plant and 
animal eaters and the presence of 
scavengers; 7. Organisms character- 
istic of septic zones are those which 
can exist under conditions of very low 
oxygen or have adaptations for breath- 
ing atmospheric oxygen; 8. Nocturnal 
deficiencies in dissolved oxygen is of- 
ten the critical environmental factor 
which det. the distr. of organisms in 
a stream; 9. Under conditions of or- 
ganic poln. diurnal-nocturnal deficien- 
cies in oxygen are sometimes concomi- 
tant with supersaturation of dissolved 
oxygen.—PHEA 


Example of Controlling Sewage Pol- 


lution of a Small River. F. Ho1- 
INGER. Trav. Congr. Int. Limnol. 
(Swiss), 10:173 (’48-’49). Although 


there are no large towns in the Canton 
Baselland, Switzerland, some streams 
are considerably pold. because of their 
low natural flow—for example, the 
vol. of sewage discharged from Liestal 
(pop. 8000) is more than half the avg. 
flow in the river Ergolz; during the 
exceptionally dry period in °47 the 
Ergolz consisted almost entirely of 
sewage. The author describes investi- 
gations made to determine the most 
economical method for reducing poln. 
of the Ergolz. There are 8 communi- 
ties in the valley and 55 industrial 
establishments of various kinds. It 
was concluded that the cheapest method 
would be to construct a single primary 
treatment plant and to discharge the 
effluent to the Rhine; this, however, 
would greatly reduce the flow in the 
river Ergolz. The scheme recom- 
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Calgon Threshold Treatment has 
these problems for many 
municipalities and industries. . 
and can solve yours, too. ry 
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Calgon Threshold Treatment is on economical 
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mended was the construction of three 
treatment plants to serve 4, 1, and 3 
communities, respectively, and the dis- 
charge of the treated effluents to the 
Ergolz—_WPA 


Vitamin Content of Produce and 
Products Used on Farms. II. Vita- 
min B, in Fodders From Meadows 
Irrigated With Sewage Water and 
With Clean Water. C. ANTONIANI 
& A. Monzini. Ann. Sper. Agrar. 
(Ital.), 4:625 (50). The content of 
vitamin B, was found to be higher in 
fodder from meadows irrigated with 
sewage effluents than in fodder from 
meadows irrigated with water. The 
content of vitamin B, in sewage efflu- 
ents in Milan is given —WPA 


HEALTH AND HYGIENE 


Innocuousness of the Addition of 
1 ppm of DDT to Drinking Water 
for the Eradication of Aedes ae- 
gypti. Hecror Asap Gomez. Bol. 
Oficina Sanit. Panamer., 30:330 (’51). 
Addn. of 1 ppm of DDT to public 
water supplies once a month or twice 
a year is considered to be harmless to 
people consuming the water, on the 
basis of a literature survey of the 
toxicity of DDT to warm-blooded ani- 
mals.—C A 


Epidemiology of Typhoid-Paraty- 
phoid Infections in Marseilles, 1940- 


(Continued on page 82) 


1950. R. Bestiev. Tech. Sanit. et 
Munic. (Fr.), 47:15 (Jan. ’52). A 
typhoid-paratyphoid morbidity index 
of 594.2 (per 100,000 pop.) and a 
mortality index of 112.08 during the 
1940-1950 decade in Marseilles show 
an endemic trend of these diseases; 
however, use of antibiotics has reduced 
the mortality index 30 to 90% in the 
last 3 yr. Principal factors of ende- 
micity include: the city’s supply of 
drinking water (49.5% of cases), 
shellfish (26.39), and well water, ice 
cream, cooling ice, contaminated vege- 
tables, and inter-human contamination 
account for the remainder (24.06%). 
The drinking water factor has been 
steadily reducing in importance in the 
10-yr period decreasing roughly from 
70 to 24%, but not enough to sup- 
press endemicity. The shellfish fac- 
tor, in spite of some small decrease in 
the first five years, increased from 36 
to 40 (morbidity index/100,000 pop.) 
during 1945-50. Shellfish harvesting 
(mussels, mostly) still proceeds in 
the neighborhood of the harbor and 
near estuaries of the area, and prod- 
ucts are frequently marketed without 
rinsing or sterilization. Measures 
taken to reduce pollution include sup- 
pression of shellfish beds within the 
harbor, complete epidemiological in- 
vestigation of each reported case of 
typhoid, generalized (but not compul- 
sory) anti-typhoid-paratyphoid vacci- 
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FLEXIBLE 
BOLTED CONNECTION 


M & H Mechanical Joint ends on gate 
valves are identical with mechanical joint 
standards adopted by the Cast Iron Pipe 
Research Association. It uses the stuffing 
box principle, by which a thick gasket is 
compressed into a stuffing box by a bolted 
gland or follower ring. It is a flexible, bottle 
tight joint, easy to make, and economical. 
Mechanical joint making in the field does 
not require a skilled workman. Mechanical 
joint permits deflection in any direction, 
also longitudinalexpansion and contraction. 
For complete information, write or wire 
M & H Valve and Fittings Company, 
. Anniston, Alabama. 


STRY © SEWAGE DISPOSAL AND 


WATER WORKS ‘FILTER PLANTS 
PROTECTION 
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nation, water sampling at domicile of 
cases, systematic control of food in- 
dustries using water and compulsory 
private sterilization of water by such 
manufacturers, bacterial control of 
swimming pools and beaches, more 
severe surveillance of shellfish dealers, 
wholesale and retail. Results of these 
policies are encouraging, but not fully 
satisfactory because of lack of legally 
recognized Esch. coli standards for 
shellfish growing waters, compulsory 
rinsing or sterilization of shellfish be- 
fore sale, and lack of adequate penal- 
ties in the existing laws for delin- 
quents.—M. Albanese 


TASTE AND ODOR 
CONTROL 


Point of Application for Activated 
Carbon. O. J. Smiru. Taste & Odor 
Control J., 17:3:7 (’51). The author 
discusses factors affecting the choice 
of stage in treatment at which acti- 
vated carbon should be applied to wa- 
ter to control tastes and odors and as 
an aid to coagulation. 


Chicago Controls the Taste With 
Carbon Slurries. Joun R. Bay tis. 
Am. City, 66:12:108 (’51). The ap- 
plication of activated C in the form of 
a slurry produced by mixing powdered 
C in tanks fitted with paddle mixers 
and at dosage rates up to 70 lb acti- 
vated C/mil gal H:O removed tastes 
from H.O received from a lake supply. 
—CA 


The Effect of Chlorine Dioxide on 
Taste and Odor Removal. L. C. 
Domke. Taste & Odor Control J., 
17:3:5 (51). An account is given of 
the use of chlorine dioxide in treat- 
ment of water for the control of tastes 
and odors. At Waukegan water works, 
application of 2 to 4 Ib of chlorine di- 
oxide per mil gal of water was no 
more effective in controlling tastes and 
odors than less costly methods of con- 
trol. Water treated by chlorine diox- 


CONDENSATION 


(Continued from page 80) 


(Continued on page 84) 


Vol. 44, No. 10 


ide had a sweetish, aromatic taste, 
noticeable but not unpleasant. Recent 
work has shown that chlorine dioxide 
will eliminate all chlorophenol odors in 
water probably as a result of the oxi- 
dation of orthochlorophenol to odorless 
trichlorophenol. Chlorine dioxide is 
also effective in controlling odors 
caused by organic matter from swamps 
and by some types of algae, and is more 
effective than chlorine in the control 
of bacteria and bacterial spores, but it 
reacts more slowly —WPA 


Using Sodium Nitrate for Odor Con- 
trol in a Polluted Stream. Puisip 
N. ALsricgut. Pub. Wks., 82:8:57 
(’51). Odors arising in a stream re- 
ceiving bottle- and keg-washing wastes 
with a BOD of 500 ppm from a brew- 
ery were controlled by the application 
of 20 to 30 lb granular NaNO; at 5 
pold. points along the stream at 4-day 
intervals. Application of dissolved 
NaNO, was unsuccessful.—CA 


Taste and Odor Control at Winter- 
set, Iowa. W. Gorpon. Taste & 
Odor Control J., 17:6:1 (51). The 
author gives an acct. of the control of 
tastes and odors at the water works at 
Winterset, lowa. The water supply is 
an artificial lake impounding water 
from Cedar R. During summer, 
growth of algae is controlled by the 
addn. of copper sulfate. During the 
spring runoff, severe odors occur for 
2-3 weeks but diminish when the sup- 
ply is dild. by rain and melting snow. 
The water is treated with alum, car- 
bon, chlorine, and lime and settled in 
an Accelator. . After 1 hr the water is 
filtered on rapid sand filters and the 
effluent is chlorinated. When the plant 
first operated, no carbon was added, 
but tastes and odors necessitated this. 
Laboratory tests showed that the carbon 
was most effective at a low pH value, 
and it was added before the lime. Ex- 
perience has shown that the point of 


AN 
| 
q 
a 
oh 


Oct. 1952 JOURNAL AWWA PER 83 


just a reminder that - 


A pipeline 
is no stronger 
than its joints. 


POWDER OR PIGS— WITH FIBREX 
MAKE PERFECT JOINTS 
Working Samples on Request. 


FIBREX 


(REELS) 


‘ Church Street, New Y< General Offers and Work Medford Station 
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(Continued from page 82) 


application of the chemicals should, Reference to Water Supplies and 
however, be varied according to the Sewage. F.C. Bisnopp. Proc. Ann. 
type of water being treated —WPA Conf. Md.-Del. W. & Sew. Assn., 
19:23 (46). 
Combating Tastes and Odors Due 
to Algae. R. E. Simons. Taste & Graphical Representation of Load 
Odor Control J., 17:3:2 (51). The on Polluted Streams. Kart IMHOFF. 
various methods of treatment used to cow & Ind. Wastes. 22:1614 (’50) 
reduce objectionable tastes and odors 
caused by the presence of algae in the . ‘ ae 
water supply of Centralia, IIl., are Ground Water Pollution in Michi- 
described.—WPA gan. NorMAN Sew. & Ind. 
Wastes, 22:1596 (’50). 


OTHER ARTICLES NOTED 
Water Quality for Stationary Auto- 


Recent articles of interest, appearing in’ matic Steam Generators. R. A. 
American periodicals, are listed below. Barpwett. Am. Ry. Eng. Assoc. Bul. 


Water and Sewage Plants to Get 53:497:272 (’51). 

More Materials. Eng. News-Rec., 

148:15:42 (Apr. 10, ’52). Developments in Water Technol- 
ogy as Applied to Steam Genera- 

Use of DDT in the Control of Insect tion. R.T. HANLON. Modern Power 

Carriers of Disease With Special & Eng., 45:11:65 (’51). ; 


VALVE CONTROLS | 


From coast to coast, hundreds of LimiTorque Controls 
are in service in water works and sewage disposal plants 
for automatic or remote operation of valves up to 120 
inch diameter. Why is acceptance so widespread? Be- 
cause LimiTorque Operators are designed to provide de- 
pendable, safe and sure valve actuation at all times. - 
LimiTorque is self-contained and is applicable to all 
makes of valves. Any available power source may be 
used to actuate the operator: Electricity, water, air, oil, 
gas, etc. 

A feature of LimiTorque is the torque limit switch which 
controls the closing thrust on the valve stem and pre- 
vents damage to valve operating parts. 


Write for new Catalog, and please use your Business Letterhead when writing 


PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 
New York © Pittsburgh © Chicege * Housten © Lynchburg, Ve. 
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FOR YOU NOW 


GENERAL SURVEYS 
HYDRAULIC ANALYSIS 
SEWER SURVEYS 


INDUSTRIAL 
WASTE SURVEYS 


COMPLETE SYSTEM 
RECONDITIONING 


Results obtained 1 Have your secretary write 


for other clients for this valuable folder 
available on re- toda 
uest. Let our y- 
gineering De- 
partment dem- 
onstrate what we 
can do for you 


CONSTRUCTION AND ENGINEERING DIVISION 


PITTSBURGH PIPE CLEANER COMPANY 


133 Dahlem St., Pittsburgh 6, Pa. 


BIRMINGHAM + BOSTON + BUFFALO + CHARLOTTE + CHICAGO © DETROIT * NEWARK © PHILADELPHIA 
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(Continued from page 22) 


Water: A special editorial report. Reprinted from the Sep- 
tember 1952 issue of Power. McGraw-Hill Pub. Co., Inc., 330 W. 
42nd St., New York 36, N.Y. (1952) 48 pp.; paperbound ; $1.00 


If the ABC of H,O does not eventually become absorbed by the 
water-using and water-abusing captains of industry, it will not be 
the fault of the country’s publishers. In one of the best pictorial 
presentations yet, Power magazine has carefully sketched in an out- 
line that should make at least the extent and scope of the water supply 
problem clear to those who cope with it. The balance between popu- 
lar readability and technical integrity is for the most part carefully 
maintained, although some one seemis to have lost his footing in the 
charting of the country’s hydrologic conditions, with the result that 
only the most careful reader will be able to ascertain what a superficial 


glance should make obvious—the units in which the map divisions 
are calibrated. One excellent feature which should be noted is that 
which presents, in visible, graphic contrast, the ways in which dam 
regulation must vary, depending on the end in view—municipal sup- 
ply, flood control, navigation, or power generation. The report pro- 
ceeds from fundamentals to particulars, winding up with a discussion 
of matters industrialists are most immediately interested in—obtaining, 
processing, and conserving plant supplies. 


Pacific Northwest Drainage Basins: Summary report on water 
pollution. Water Pollution Series, No. 6; Public Health Service 
Pub. No. 87 ; Div. of Water Pollution Control, Public Health Service, 
Washington, D.C. (1951) 79 pp.; paperbound ; free 


The Pacific Northwest basin, without including the Canadian 
segment, comprises the state of Washington, most of Oregon and 
Idaho, part of Montana, and small portions of Wyoming, Utah, and 
Nevada. The development of low-cost hydroelectric power has given 
impetus to great industrial expansion and a population growth of one- 
third in the ten-year intercensus period. The present population is 
4,600,000. Despite the high self-purification potential of the rapid 
streams, pollutional damage by industrial wastes and sewage has been 
severe, and many treatment facilities must be provided or improved. 


(Continued on page 88) 
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WATER...one of 187 industries 
served by General Chemical 


BASIC CHEMICALS 


FOR AMERICAN INDUSTRY 


© 


A 
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General Chemical Quality Products 
For the Water Industry 


COAGULATION BOILER WATER 
Alumi Sulfate, Standard Sodium Sulfate, Anhy. 
Aluminum Suifate, Liquid Disodium Phosphate, Anhy 
Ammonium Alum Trisodium Phosphate 
Potassium (Potash) Alum Sodium Silicate 
Sodium Silicate Sulfuric Acid 
FLUORIDATION CORROSION CONTROL 
Sodium Fluoride Sodium Silicate 
Sodium Silicofluoride Tetrasodium Pyrophosphate 
Hydrofluoric Acid OTHER USES 
DECHLORINATION Glauber's Salt, Crystal 
Sodium Sulfite Aqua Ammonia 
Sodium Bisulfite, Anhy Hydrochloric Acid (Muriatic) 
Sodium Thiosulfate Copper Sulfate 

For Laboratory Analyses: Baker & Ad: lab Y 9 
GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 

Offices: Albany * Atlanta * Balumore * Birmingham ¢ Boston * Bridgeport * Buffalo 
Charloue * Chicago * Cleveland * Denver * Detroit * Greenville (Miss } * Houston 
acksonville * Kalamazoo * Los Angeles » Minneapolis * New York * Philadelphia 
ittsburgh * Providence * St. Louis * San Francisco * Seattle * Yakuma (Wash.) 
In Wisconsin General Chemical Company. Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited Montreal * Terente * Vancouver 
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(Continued from page 86) 


Water Pollution Research—1951. Water Pollution Research 
Board, Dept. of Scientific & Industrial Research, London (1952) 56 
pp.; paperbound; 2s. 6d. (about 35¢ U.S.) from H.M. Stationery 
Office, York House, Kingsway, London, W.C. 2, England 


This British agency’s annual report includes an interesting re- 
port on the electrical treatment of boiler feedwater, and readers of the 
study by Eliassen & Uhlig published in the JouRNAL recently (see July 
issue, p. 576) might be interested in the somewhat negative findings. 
The research group decided that no really conclusive results could 
be obtained without prolonged study, and apparently it was felt that 
the time and facilities available would be more productively applied 
to other matters, for the research project was abandoned. Other 
subjects studied include the use of a flashing neon light as a continu- 
ous conductivity indicator, with possible application as a visible indi- 
cator of the dissolved solids content of softener effluents ; the removal 
of radioactive contaminants by conventional sewage treatment; and 
various pollutional and sewage treatment topics. 


California Drainage Basins: Summary report on water pollu- 
tion. Water Pollution Series, No. 5; Public Health Service Pub. No. 
86; Div. of Water Pollution Control, Public Health Service, Wash- 
ington, D.C. (1951) 90 pp.; paperbound ; free 


“Of the making of books there is no end,” runs a favorite line of 
wearied readers, and books on the water problems of the West and 
Southwest merit honorable mention for their endlessness. This com- 
paratively brief report adds its weight to the already imposing bulk. 

Much of the interest and most of the problems involved in supply- 
ing California with water derive from the simple statistics of growth. 
In a state which suffers from poor natural distribution of what is any 
land’s greatest liquid asset, a population of 1,500,000 at the turn of the 
century took the unlikely or at least inconsiderate course of multipli- 
cation. By 1950 the total had reached 10,500,000, and this amount 
represents a 52 per cent increase in the space of only ten years. 

Interbasin transfer, greater reuse of water, and pollution control 
methods are recommended to stretch existing supplies. Additional 
efforts to coordinate administrative machinery, enlist popular sup- 
port, and obtain needed data, are advocated by the study. 


(Continued on page 90) 
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WITH “O” RING SEALe 


“O” Rings replace conventional packing and re- 
duce maintenance to a minimum. The lower “O” 
Ring is the pressure seal, the upper “O” Ring the 
dirt seal. The specially compounded rubber plas- 
tic “O” Rings do not deteriorate and insure a 


long life pressure seal. 


All Smith Valves can be equipped with “O” Ring 
Seal Plates. Write for details. 
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(Continued from page 88) 


Colorado River Drainage Basin: Summary report on water 
pollution. Water Pollution Series, No.9; Public Health Service Pub. 
No. 110; Div. of Water Pollution Centrol, Public Health Service, 
Washington, D.C. (1951) 148 pp.; paperbound ; free 


What is probably the most controversial watershed in the entire 
country seems to be blessed with a singular freedom from serious man- 
made pollution problems. Silting is a major threat, however, and men- 
aces irrigation works as well as impounding resorvoirs and the great 
dams of the region. The freedom from articial pollution, at that, is 
only relative, and state agencies have requested construction of 34 new 
plants, additional treatment facilities at 31 plants, and the replacement 


of 53 others. 


(Continued on page 92) 


A.W. W.A. 


Code of Practice 


Are you 


MOVING 


The A.W.W.A. Code, printed 
in two colors ona heavy 10 x 17- 


inch sheet, suitable for framing 
is now available for distribution 
to members. 


For your copy, send only ten 
cents in coin or stamps to cover 
postage and handling charges. 
There is no charge for the 


document. 


American Water Works 
Association 
521 Fifth Ave., New York 17, N.Y. 


Please advise A.W.W.A. promptly of 
any change in your mailing address. 
Leaving a forwarding address at your 
old post office is not enough, because 

tal regulations require periodicals to 
to the sender if not claimed 
at the original destination. And, to help 
us identify you properly, please include 
your old as oa as your new address 
when writing. 


Prompt notification will keep your 
Journals and other communications 
coming to you without annoying delays 


and lapses. 


American Water Works Assn., Inc. 
521 Fifth Ave. New York 17, N.Y. 
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This worth looking into 


We make CAST IRON PIPE It’s the kind of pipe that stays 
. . . built to last for generations in service... rugged, strong 
. .. In any size from 2” to 84” - » » economical because you can 
with all types of joints. For 96 bury it and forget it! Miles 
years, the WF trade mark has upon miles have been under- 
meant “durable pipe” . . . made ground for almost a century and 
with proper crushing, beam, still in good condition when 
shock and bursting properties. excavated. 


Bell & Spigot Pipe Short Body Bell & 
Spigot Specials 


Flange Pipe Cast Iron Rolls 
. . 


Flexible Joint Pipe Cylinders acify 


Also manufacturers of special castings CAST IRON PIPE... 
in medium and heavy weight Alloy Iron, , 
Grey Iron and Meehanite Iron for spe- AND BE SURE! 
cial purposes. Catalogs and Brochures 
available. 


Special Castings 


QTrven FOUNDRY & PIPE CORP. 


55 LIBERTY STREET, NEW YORK 5, N. Y. 
PLANTS: Phillipsburg, N. J. Everett, Mass. 
WARREN PIPE CO. OF MASS. INC. 75 FEDERAL ST. BOSTON, MASS. 
96 Years of Continuous Service 
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(Continued from page 90) 


The Industrial Utility of Public Water Supplies in the East 
South Central States, 1952. By E. W. Lohr, G. A. Billingsley, 
J. W. Geurin, & W. L. Lamar. Circular 197, Geological Survey. 
Washington 25, D.C. (1952) 69 pp.; paperbound ; free 


This useful aid to business men interested in plant location or, 
marketing surveys, contains a summary of basic information about the 
the public water supplies of 67 cities of the states of Alabama, Ken- 
tucky, Mississippi, and Tennessee. In addition to an outline of the 
ownership, source, treatment, and storage afforded by each water sup- 
ply, chemical analyses are provided of both raw and finished waters. 


The Industrial Utility of Public Water Supplies in the Moun- 
tain States, 1952. E. W. Lohr, C. S. Howard, R. T. Kiser, J. D. 
Hem, & H. A. Swenson. Circular 203, Geological Survey, Wash- 
ington 25, D.C. (1952) 79 pp.; paperbound ; free 


Similar information and analysis are presented by this second of 
nine projected reports. The Mountain states covered by this report 
include Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, 


Utah, and Wyoming. 


The Industrial Utility of Public Water Supplies in the West 
North-Central States, 1952. E. W. Lohr, P. C. Benedict, H. A. 
Swenson, & T. B. Dover. Circular 206, Geological Survey, Wash- 
ington 25, D.C. (1952) 109 pp.; paperbound ; free 


Further utility data and water supply analyses for the states of 
Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, and 


South Dakota. 


Air Diffusion in Sewage Works. Manual of Practice No. 5, 
Federation of Sewage & Industrial Wastes Associations, 325 Illinois 
Bldg., Champaign, Ill. (1952) 75 pp.; paperbound ; $1.25 


The result of a committee study that began ten years ago, this 
manual is the fifth in the series issued by FSIWA. Although directed 
to sewage works practice, some of the material may be useful to those 
interested in aeration as a water treatment method. 


(Continued on page 94) 
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For the City of Jacksonville... 


McDuff Pumping Station, 
Structed by Henry G. DuPree Co. 


The City of Jacksonville, Florida installed its first Simplex 
Type MO Venturi Meters back in 1925. Here’s what Mr. C. H. 
Helwick, Superintendent of Jacksonville’s Water Department, 
has to say about those original meters: 

“These two meters have required very little attention and 
have remained dependably accurate through the years. The ca- 
pacities of the pumping stations . . . have been enlarged beyond 
the capacities of the meters, and these meters have been re- 
moved and reinstalled at new pumping stations for more years 
of service.” 

No wonder, then, when consulting engineers Reynolds, Smith 
& Hills undertook the plans for Jacksonville’s $7,000,000 water 
works improvement program, that Simplex Type MO Venturi 
Meters were specified as standard equipment for a// pumping 
stations. For full information about MO and other Simplex 
meters write to Simplex Valve and Meter Company, Depart- 
ment 10, 6784 Upland Street, Philadelphia, Pa. 


SIMPLEX 


METER .-COMPANY 
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(Continued from page 92) 


Surface Water Supply of Virginia: Potomac, Rappahannock, 
and York River Basins, 1942-1950. Bul. 12, Div. of Water Re- 
sources, State Dept. of Conservation & Development, Charlottesville, 
Va. (1952) 372 pp.; paperbound ; free 


The report presents a compilation of stream flow records made at 
all gaging stations for the eight-year period ending September 1950. 
It thus supplements Bul. 4, which published the 1927-1942 data. 
The present study includes two extreme years : 1947, among the lowest 
on record, and 1949, in which runoff was the highest on record for 
most streams. In addition, the flood of October 1942 in the Shenan- 
doah and Rappahannock basins was the greatest since colonial times. 


Chemical Quality of Surface Waters of Virginia, 1946-1948. 
G.W.Whetstone& R.L.McAvoy. Bul. 11, Div. of Water Resources 
Dept. of Conservation & Development, Charlottesville, Va. (1952) 38 
pp.; paperbound ; free 


Analyses of the chemical composition at various testing points are 
given, together with information on temperature, pH value, hardness, 


and BOD. 


Water Resources of the Buffalo-Niagara Falls Region. 
Charles W. Reck & Edward T. Simmons. Circular 173, Geological 
Survey, Washington 25, D.C. (1952) 26 pp.; paperbound ; free 


It is refreshing to find, among the prophets of doom, waste, and 
scarcity whose publications sometimes seem to overwhelm this sec- 
tion of the JOURNAL, two geologists who caimly assert that the 125 bgd 
of water that drains from Lake Erie by way of the Niagara River to 
Lake Ontario is sufficient to supply 70 per cent of the country’s pres- 
ent needs for all purposes except water power. Whatever reservations 
one may entertain about the continued adequacy of any quantity of 
water for a consuming public whose thirst seems to be stimulated 
rather than appeased by plenty, there seems little reason to question, 
at least for the forseeable future, the author’s contention that “there 
should be no water shortage for the million or more people in the 
Buffalo—Niagara Falls area.” 
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Superior strength... economy of design 


In AMERICAN CONCRETE CYLINDER PIPE these four advanced design 


feetures give you greater strength with greatest economy of steel components. 


Steel cylinder provides a 
100 psi and greater. Pe positive water seal or mem- 
x brane as well as part of the 
required total steel area*. (Thick- 
ness of the cylinder varies ac- 
cording to pipe diameters and 
general design requirements). 
Each cylinder is hydrostatically 
tested to a unit stress of at least 
22,000 psi. 


Centrifugally spun concrete 

lining is of proper mixture 
and dense compaction. Its thick- 
ness adds rigidity and strength 
through “arching” effect (nom- 
inal minimum lining thickness is 
\%” for 14” and 16” diameters 
and %” for larger diameters). 
Cylinder is lined prior to rod 

wrapping. 


\ 
[3] Steel reinforcing rods, which sup- \ 


plement the required steel area*, 
are wrapped under measured tension Dense concrete jacket or 
and accurate spacing around the con- coating (nominal minimum 
crete lined cylinder. The section modu- 1” thickness over the cylinder) is 
lus is thus increased while the concrete ‘“locked’’ around the rod wrap- 
lining is placed under slight initial ping over the entire surface of 
compression. The result is, in effect, a the cylinder. This is an impor- 
modified prestressed design. tant structural feature. 
*Total cross sectional steel area is based on 13,500 psi max. allowable unit stress at the de- 
sign operating pressure. 


Superior design affords the most economical and effective use of steel and 
concrete to produce the best quality of pressure pipe at less cost to the purchaser. 
Economical first cost plus ease of installation, sustained capacity and trouble 
free service all help to reduce the cost of delivered water. 


Complete information upon request. © 1950—A. P. & C. Co. 


Concrete Pipe for Main Water 
Supply Lines, Storm and Sanitary 
Sewers, Subaqueous Pipe Lines 


mere P.O. Box 3428, Terminal Annex, 
() PIPE AND CONSTRUCTION CO. } Los Angeles 54, California 


Main Offices and Plant—4635 Fire- 
stone Bivd., South Gate, Calif. 


District Sales Offices and Plants — Oakland @ San Diego @ Portland, Ore. 
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SERVICE LINES 


Molecular filter membrane tech- 
niques for routine bacteriological tests 
by this new method are discussed in a 
bulletin issued by AG Chemical Co., 
Inc., Box 65C, Pasadena 6, Calif. A 
price list of Isopor filters and filter 
pads is included. Among matters dis- 
cussed are sterilization procedures and 
the use of dehydrated nutrient sched- 
ules. 


Air conditioning equipment opera- 
tors should find interesting a leaflet 
entitled “Use of Water in Air-Con- 
ditioning Systems.” Issued by Water 
Service Labs., Inc., 423 W. 126th St., 
New York 27, N.Y., the leaflet dis- 
cusses corrosion, scale formation, and 
various remedies that can be applied. 


Chemical feeding by means of the 
Heavy Duty Chemo-O-Feeder, an all- 
purpose chemical proportioning pump 
manufactured by Proportioneers, Inc., 
Box 1442, Providence 1, R.I., is the 
subject of an 8-page bulletin available 
from the company. Alternative meth- 
ods of feeding are described and illus- 
trated diagrammatically. 


A liquid level control has been de- 
signed to operate by the action against 
a sensitized bellows unit of the varying 
air pressure required to maintain a 
constant, regulated flow of bubbles 
through the liquid. The bellows pres- 
sure sensing unit in turn actuates pump 


or valve motors. Known as the Bubbl- 
trol, and featured in 8-page Bul. 1650 
of Automatic Control Co., St. Paul 4, 
Minn., the instrument is said to offer 
the advantages of eliminating float or 
electrode maintenance. 
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Liquid strainers for pump intakes 
and other applications are described in 
a leaflet on the Ideal Liquid Strainer 
distributed by Golden-Anderson Valve 
Specialty Co., 2091 Keenan Bldg., 
Pittsburgh 22, Pa. 


Four-cycle gas engines that use 
spark ignition and are totally enclosed 
against dust or other atmospheric con- 
tamination are the subject of an 8-page 
bulletin, “DDG Gas Engines,” pub- 
lished by Worthington Corp., Harri- 
son, N.J. Copies are being distributed 
in response to requests made on busi- 
ness stationery. 


Insulating tapes—friction, rubber, 
and plastic—are the subject of a folder 
distributed by Ideal Industries, Inc., 
1614 Park Ave., Sycamore, Ill. The 
plastic tape is said to provide both 
insulation and protection in a single 
application. 


On their reputation for 
performance, Kup- 
ferle Fire Hydrants 
deserve consider- 
ation for any 
installation. 


Full lines for 

public and pri- 

vate installa- 
tions. 


Lines 
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‘CHLORINE GAS FEEDERS 


WATER WORKS EQUIPMENT 


FOR METERING MAIN LINES FOR WATER FILTRATION 
Venturi Tubes and Nozzles — Orifice Pneumatic and Mechanical Filter 
Meters — Propeloflo Meters — Pneu- Gauges (Loss-of-head and Rate-of- 
matic, Electric, and Mechanical In- flow)—Liquid Level Gauges. Wheeler 
struments. Filter Bottoms, Filter Operating 


FOR CONTROLLING FLOW Tables. 


Venturi Rate Controllers — Hydrauli- 
cally-Operated and Direct-Acting. FOR PACING CHEMICAL FEEDERS 
Chronoflo Transmitters and Receivers 


FOR CHLORINATION (electrically operated) — Pneumatic 
Visible Flow Chlorinizers. Tronsmitters and Receivers. 


* * * 


For complete informotion, address Builders-Providence, Inc. (Division of 
Builders Iron Foundry), 365 Harris Ave., Providence 1, Rhode Island. 


E 
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Coming Meetings 


AWWA SECTIONS 


Start Thinking Now About 


GRAND RAPIDS, MICH. 
May 10-15, 1953 


AWWA’s 73rd Annual Conference 


October 12-15—Southwest Section at Mayo Hotel, Tulsa. Secretary, 
Leslie A. Jackson, Mgr.-Engr., Munic. Water Works, Robinson Memorial 
Auditorium, Little Rock, Ark. 


October 21-22—Maritime Branch, Canadian Section, at Lord Beaver- 
brook Hotel, Fredericton, N.B. Secretary, J. D. Kline, Chief Engr., Public 
Service Com., Box 574, Halifax, N.S. 


October 23-25—-New Jersey Section at Madison Hotel, Atlantic City. 
Secretary, C. B. Tygert, Wallace & Tiernan Co., Inc., Box 178, Newark 
1, N.J. 


October 23-25—Iowa Section at Hotel Hanford, Mason City. Sec- 
retary, H. V. Pedersen, Supt. of Water Works, Municipal Bldg., Marshall- 
town, Iowa. 


October 28-31—California Section at Huntington Hotel, Pasadena. 
Secretary, John C. Luthin, Mgr. & Engr., Monterey Bay Water Co., 1113 
Laurent St., Santa Cruz, Calif. — 


(Continued on page 100) 
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hard-to-get-at 
pipe joints with 


205 
W For pipe sites 
J te 16 in 


MECHANICAL JOINT 


Under the constant impact of ponderous, ever-increasing 
rail and vehicular traffic on our highways and railways, 
crossing underground water pipe lines require added 
protection. That is why foresight is so important. Play 
it safe—don't wait for a break. Install Clow Mechanical 
Joint Bell Split Sleeves as original equipment wherever 
pipe must pass under highway truck routes and railroad 
tracks. Specify them for marshlands and under water — 
everywhere pipe is not readily accessible in case of an 
emergency. Clow Mechanical Joint Split Sleeves are easy 


to install —no lead, jute, or calking. 


Write for illustrated circular containing full 
particulars and other pertinent information. 


JAMES B. CLOW & SONS 


201-299 North Talman Avenue + Chicago 80, Illinois 
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F.1200 
For pipe sites 
to 


F-1200 Clow Mechanical 
Joint Straight Split Sleeves are 
ideal for permanent repairs 
to pipe barrels. 12-in. and 
smaller sizes will repair any 
lengthwise break up to 8 in.; 
14- and 16-in. sizes, to 17 in. 


* 


ond their Notional Cast tron Pipe Division, 


Birminghom, 
Subsidiaries Eddy Valve Compony, 
Waterford, N.Y, lowe Valve Compony, 


Oskoloose, lowe 


. 

BELL SPLIT SLEEVES 
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Coming Meetings (contd.)—AWWA SECTIONS 


October 29-31—Chesapeake Section at Wardman Park Hotel, Wash- 
ington, D.C. Secretary, Carl J. Lauter, 6955 33rd St., Washington 15, 
D.C. 


November 5-7—Virginia Section at Chamberlin Hotel, Old Point 
Comfort. Secretary, W. H. Shewbridge, Regional Engr., State Dept. of 
Health, 708 State Office Bldg., Richmond, Va. 


November 10-12—North Carolina Section at Skyland Hotel, Hender- 
sonville. Secretary, E. C. Hubbard, Exec. Secy., State Stream Sanitation 
Com., Box 2091, Raleigh, N.C. 


November 16—19—Joint meeting of Alabama-Mississippi and Florida 
Sections of AWWA and Florida Sewage & Industrial Waste Assn., at 
San Carlos Hotel, Pensacola. Secretary, Alabama-Mississippi Section, 
Chas. W. White, Asst. San. Engr., State Dept. of Public Health, 537 
Dexter Ave., Montgomery 4, Ala. Secretary, Florida Section, Marvin R. 
Boyce, Boyce Co., 504 Pennsylvania Ave., Clearwater, Fla. 


December 4—-6—Cuban Section in Havana. Secretary, Laurence H. 
Daniel, Pres., Laurence H. Daniel, Inc., Baratillo 9, Havana, Cuba. 


OTHER ORGANIZATIONS 


October 6-9—Federation of Sewage & Industrial Wastes Assns. 
Silver Anniversary Meteing at Hotel Statler, New York, N.Y. Reserva- 
tions being handled directly by the hotel. 


October 20-24—American Public Health Assn. Annual Conference at 
the Public Auditorium, Cleveland, Ohio. Details from Reginald M. At- 
water, Exec. Secy., APHA, 1790 Broadway, New York, N.Y. 


October 20-24—National Safety Congress at Chicago, Ill. Details 
from National Safety Council, 425 N. Michigan Ave., Chicago 11, III. 


November 16-19—Florida Sewage & Industrial Wastes Assn. (Joint 
meeting ; see AWWA Alabama-Mississippi and Florida Sections.) 
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For Precise FLUORIDE TESTS 


USE THE PERMANENTLY RELIABLE 


GUARANTEED NON-FADING Glass Color 
Standards © Test based on official A.P.H.A. 
and A.W.W.A. procedure ¢ Built-in illumina- 
tion makes determinations always independ- 
ent of time or weather ® Stable components 
assure fresh, dependable reagent. 


MODERN 
HELLIGE INSTRUMENTS 
D> TURBIDITY MEASUREMENTS 


> WATER ANALYSES 


> COMPLETE 
SOLUTION 
SERVICE 


FOR YOUR 
CATALOGS 
TODAY 


Please Send GREE Catalog Set No. 600-W 


STATE. 


HELLIGE, INC. ‘city, 


: 

| 

‘ 

== 
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Index of Aduertisers’ 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 

Aerators (Air Diffusers): 
American Well Works 
Infilco Inc. 

Permutit Co. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
Worthington Pump & Mach. Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 


Ammonia, Anhydrous: 
General Chemical Div. 


Ammoniators: 


Inc. 
Wallace & Tiernan Co., Inc. 


Brass Goods: 

American Brass 

M. Greenberg’s Sons 

Hays Mfg. Co. 

= Jones Co. 
ueller Co. 

A. P. Smith Mfg. Co. 


Carbon Dioxide Generators: 
Infilco Inc. 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 


Cement Mortar Lining: 
Centriline Corp 

McWane Cast’) Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Warren Foundry & Pipe Corp. 


Chemical Feed Apparatus: 

Cochrane Corp. 

Infilco Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 

Proportioneers, Inc. 

Ross Valve Mfg. Co. 

Simplex Valve i Meter Co. 

Wallace & Tiernan Co., Inc. 


Chemists and Engineers: 
(See Prof. Services, pp. 25-29) 


Chlorination Equipment: 
Builders-Providence, Inc. 
Proportionee.s, Inc. 

Wallace & Tiernan Co., Inc. 


Chlorine Comparators: 
Hellige, Inc. 

Klett Mfg. Co. 

Wallace & Tiernan Co., Inc. 


Chlorine, 
Solvay Sales Div. 
Wallace & Tiernan Co., Inc. 


Clamps and Sleeves, Pipe: 
ames B. Clow & Sons 

Mig. Div. 

Sons 

Jains Jones Co. 

cWane Cast Iron Pipe Co. 
Mueller Co. 
Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 
Skinner, M. B., Co. 
A. P. Smith Mig. Co. 
Smith-Blair, Inc. 


Clamps, Bell Joint: 
Carson-Cadillac Co. 
lames B. Clow & Sons 
resser Mfg. Div. 
Skinner, M. B., 
Smith-Blair, Inc. 


Build- 


Clamps, Pipe — 
James B. Clow & Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Skinner, M. B., Co. 
Smith-Blair, Inc. 

Warren Foundry & Pipe Corp. 


Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Dorr Co. 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


Cleaning Water Mains: 
Pipe Ciean- 


erbest Water Main Cleaning Co. 


Condensers: 
United States Pipe & Foundry Co. 


Contractors, Water Supply: 
Boyce Co., 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 
Builders-Providence, Inc. 
Infileo Inc. 
Simplex Valve & Meter Co. 
. Sparling 


Copper Sheets: 
American Brass 


Copper Sulfate: 
General Chemical Div. 
Tennessee Corp. 


Corrosion Control: 
Calgon, Inc. 
Dearborn Chemical Co. 


Couplings, Flexible: 
DeLaval Steam Turbine Co 
Dresser Mfg. Div. 

Philadelphia Gear Works, Inc. 
Smith-Blair, Inc. 


Diaphragms, Pump: 


Dorr Co. 
Morse Bros. Mchy. Co. 
Distribution System Analyz- 


ers: 
Standard Electric Time Corp. 
Engines, Hydraulic: 

Ross Valve Mfg. Co. 
Engineers and Chemists: 
(See Prof. Services, pp. 25-29) 
Feedwater Treatment: 
Allis-Chalmers Mfg. Co. 
Calgon, Inc. 

Cochrane Corp. 

Dearborn Chemical Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Worthington Pump & Mach. Corp. 
Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 
Johns-Manville Corp. 

Infilco Inc. 

Northern Gravel Co. 

Permutit Co. 


Filters, incl. Feedwater: 
Cochrane Corp. 

Dorr Co. 

Infilco Inc. 

Morse Bros. Mchy. Co. 
Permutit Co. 

Refinite Sales Co. 

Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 
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Products 


Filtration Plant Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, 

Infilco Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

— Corp., Ozone Processes 

iv. 


Build- 


Fittings, Pipe: 
Dresser Mfg 
M. Greenberg’s Sons 
Hays Mfg. 
+ mes Jones Co. 
fueller Co. 
A. P. Smith Mfg. Co. 


Fittings, Tees, Elis, ete.: 
American Cast Iron Pipe Co. 
Carlon Products Corp. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons . 

Crane 4 

Dresser Mfg. Div. 

James Pag Co. 

Kennedy Valve Mfg. Co. 

M & Valve & Fittings Co. 
McWane Cast Iron Pipe 

Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 

R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr Co 

Infilco Inc. 

Permutit Co. 

Stuart Corp. 

Walker Process Equipment, Inc. 


Fluoride Chemicals: 
American Agricultural Chemical Co. 
Blockson Chemical Co. 


Fluoride Feeders: 
Builders-Providence, Inc. 
Omega Machine Co. 
Wallace & Tiernan Co., Inc 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Furnaces, Joint Compound: 
Northrop & Co., Inc. 


Gages, Liquid Level: 
Builders-Providence, Inc. 
Infilco Inc. 

Simplex Valve & Meter Co. 


Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Infilco Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co. 

R. W. Sparling 


Gasholders: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 


Gaskets, Rubber Packing: 
= B. Clow & Sons 

orthrop & Co., Inc. 
Smith-Blair, Inc. 


Gates, Shear and Sluice: 
Armco Drainage & Metal 


Inc. 
ames B. Clow & Sons 
forse Bros. Mchy. Co. 
Mueller Co. 

D. Wood Co. 


| 
| 
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CORPORATION 
CURB STOPS 


A complete line of Water Works products . . . Conforms 
to all AWWA Standards . . . Quality that comes from 
over 80 years’ manufacturing experience . . . Fittings 
interchangeable with other makes . . . Corporation stops 
can be installed with any standard tapping machine 
equipment. 


Write for literature, or ask “The Man from Hays” 


HAYS MANUFACTURING CO. 
ERIE, PA. 
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Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Philadelphia Gear Works, Inc. 


Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc. 

Klett Mfg. Co. 

Wallace & Tiernan Co., Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

ames Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 


Hydrants: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

James Co. 

Kennedy Valve “Mfg. Co. 

¥ C. Kupferle Foundry Co. 
1 & H Valve & Fittings Co. 
Mueller 

Pacific States Cast Iron Pipe Co. 
A. P. Smith Mfg. Co. 
Rensselaer Valve Co. 

R. D. Wood Co. 


Hydrogen Ion Equipment: 
Hellige, Inc. 
Wallace & Tiernan Co., Inc. 


Ion Exchange Materials: 
Cochrane Corp 

Hungerford re Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Refinite Sales Co. 

Roberts Filter _ Co. 
Rohm & Haas Co. 


Iron Removal Plants: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Hungerford & yi Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div. 


Jointing Materials: 

Atlas Mineral Products Co. 
Hydraulic Development Corp 
Leadite Co., Inc. 

Northrop & Co., Inc. 


Joints, Mechanical, Pi 
American Cast Iron Pipe 
Carson-Cadillac Co. 

Cast Iron Pipe Research Assn 
James B. Clow & Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co. 
Warren Foundry & Pine Corp 
R. D. Wood Co. 


Leak Detectors: 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 

Dorr Co. 

Infilco Inc. 

Omega Machine Co. 
ers Iron Fdry.) 

Permutit Co. 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Meter Boxes: 

Art Concrete Works 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mtg. Co. 

Dresser Mfg. Div. 


(Div., Build- 


ADVERTISERS’ PRODUCTS INDEX 


Ford Meter Box Co. 
Hays Mfg. Co. 
Hersey Mfg. Co. 
ames Jones Co. 
fueller Co. 
Neptune Meter Co. 
Pittsburgh Meter Div. 
Smith-Blair, 

Worthington-Gamon Meter Co. 
Meter Reading and Record 


Books: 
Badger Meter Mfg. Co. 
Meter Testers: 
Badger Meter Mfg. Co. 
Ford Meter Box Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Meters, Domestic: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 
Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 
Builders-Providence, Inc. 
Infilco Inc. 
Simplex Valve & Meter Co. 
R. W. Sparling 
Meters, Industrial, 


cial: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, Inc. 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
‘ex Valve & Meter Co. 

W. Sparling 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 
Mixing 
Chain B 
Infilco 
Walker Process Equipment, Inc. 
Ozonation Equipment: 
Corp., Ozone Processes 
iv. 

Pipe, Asbestos-Cement: 
ohns-Manville Corp. 

easbey & Mattison Co. 
Pipe, Brass: 
American Brass Co. 
American Cast Iron hn 
Cast Iron Pipe Researc Assn. 
James B. Clow & Sons 
Crane Co. 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 
Pipe, Cement Lined: 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 
Pipe Coatings and Linings: 
The Barrett Div. 
Cast Iron Pipe Research Assn. 
Centriline Corp. 
Dearborn Chemical Co. 

Koppers Co., Inc. 

Reilly Tar & Chemical Corp. 
Warren Foundry & Pipe Corp. 
Pipe, Concrete: 

American Pipe & Construction Co. 
Lock Joint Pipe Co. 


Commer- 
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Pipe, Copper: 

American Brass 

Pipe Cutting Machines: 
James B. Clow & Sons 
Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Pipe Jointing Materials; see 
Jointing Materials 


Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pipe, Plastic: 

Carlon Products Corp. 

Pipe, Steel: 

Armco Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 


Pipelines, Submerged: 
Boyce Co., Inc. 


Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 
Warren Foundry & Pipe Corp. 


Potentiometers: 
Hellige, Inc. 


Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Peerless Pump Div., F 
Machinery Corp. 


Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Economy Pum Inc. 
Morse Bros. \ chy. Co. 
Peerless Pump Div., Food 
Machinery Corp. 
Worthington Pump & Machinery 
Corp. 
Pumps, Chemical Feed: 
Infilco Inc. 
Proportioneers, Inc. 
Wallace & Tiernan Co., Inc 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Diaphragm: 
Dorr Co. 
Morse Bros. Mchy. Co. 
Pumps, 
W. S. Darley & 
Jos. G. Pollard ‘Inc. 
Pumps, Hydraulic Booster: 
Ross Valve Mfg. &. 
Pumps, Sewag 
Allis-Chalmers Mig. Co. 
DeLaval Steam Turbine Co. 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery 
Pumps, Sum 
DeLaval Steam PTurbine Co 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp. 
Recorders, Gas Density, COx:, 
NHs, SO:, ete.: 
Permutit Co. 
Wallace & Tiernan Co., Inc. 
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Storage of “Century” Pipe and “Century” 
Simplex Couplings 4 shown here on site in 
New England preparatory to installation. 


*“CENTURY’”’ 


ASBESTOS - CEMENT 
PIPE 


gives a New England 
town 19 miles of 
trouble-free water mains 


— 


Thus, another community is 
added to the growing and 
already large number of places 
in every State where this 
modern water main has 
been adopted. 


Right from the start this 
modern water system provides 
economical operation by the 
relatively low cost of installa- 
tion and reduced carrying 
charges plus the advantages 
inherent in the pipe itself. 


Made of two practically inde- 

structible materials, asbestos 

fiber and portland cement, 

“Century” Pipe is strong and 

durable. It is highly resistant 

to external corrosion and 

internal corrosion (tubercula- 

tion) cannot take place due to 

its non-metallic composition. 

K&M ASBESTOS ROPE The permanently smooth 

For yorning bell ond spigot inner surface guarantees con- 

haem promote the breeding tinuous flow and minimum 
of bocteria. Write for details. pumping costs. 


i It will pay you to investigate 
TS the many cost saving features 
: of ‘Century’? Asbestos- 
B24 Cement Pipe. 
WRITE FOR FREE BOOKLET, Sy Nature made Asbestos... 
"Mains without Maintenance” ho Keasbey & Mattison has made it 


Gives valuable data, specifications, 
oul er serve mankind since 1873 


interested in water main pipes. 
KEASBEY & MATTISON 
COMPANY AMBLER PENNSYLVANIA 
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Recording Instrumente: 
infilco Inc. 

k. W. Sparling 

Wallace & Tiernan Co., Inc. 


Reservoirs, Steel: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; see 
Gages 
Sleeves; see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 
Cochrane Corp. 
Permutit Co. 


Soda Ash: 

Solvay Sales Div. 

Sodium He hosphate: 
Blockson Chemical Co 

Calgon, Inc. 

Softeners: 

Cochrane Corp. 

Dearborn Chemical Co. 

Dorr Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Refinite Sales Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 
Worthington Pump & Mach. Corp. 


Chemicals and Com- 
8: 

Calgon, Inc. 

Infilco Inc. 

Permutit Co. 

Tennessee Corp. 

Standpipes, Steel: 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 


Steel Plate Construction: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Hays Mfg. Co. 

{ ames Jones Co. , 

fueller Co. 

A. P. Smith Mfg. Co. 


Storage Tanks; see Tanks 


Strainers, Suction: 
James B. Clow & Sons 


Surface Wash Equipment: 
Permutit Co. 


Swimming Pool Sterilization: 
Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 
Proportioneers, Inc. 
Wallace & Tiernan Co., Inc. 
Welsbach Corp., Ozone Processes 
iv. 


Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Tapping Machines: 

Hays Mfg. Co. 


ADVERTISERS’ PRODUCTS INDEX 


Mueller Co. 

A. P. Smith Mfg. Co. 

Taste and Odor Removal: 

Cochran 

Industrial Chemical Sales Div. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Corp., Ozone Processes 

Iv. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Hellige, Inc. 

Wallace & Tiernan Co., Inc. 


Turbines, Steam: 
DeLaval Steam Turbine Co. 
Worthington rr & Mach. Corp. 


Turbines, 
DeLaval Turbine Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valve-Inserting Machines: 
A. P. Smith Mfg. Co. 


Valves, Altitude: 
Golden-Anderson Valve Specialty 


Co. 
Ross Valve Mfg. Co., Inc. 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Pivg: 

James B. Clow & Sons 

Crane Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co. 


Valves, Electrically Operated: 
James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Valve Specialty 


0. 
Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Valves. Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty 


‘0. 
Ross Valve Mfg. Co., Inc. 


Valves, Gate: 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 
— ones Co. 

ennedy Valve Mfg. Co 
M & H Valve & Fittings Co. 
Mueller Co. 
Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 
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A. P. Smith Mfg. Co. 
R. D. Wood Co. 


— Hydraulically Oper- 
ated 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty 


Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Large Diameter: 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Kennedy Valve Mfg. Co 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Regulating: 
r 
— Valve Specialty 


Ross Valve Mfg. Co. 

Valves, Swing Check: 

James e. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 
Golden-Anderson Valve “Speciaity 


0. 

M. Greenberg’s Sons 

M & H Vaive & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Waterproofing 

Dearborn Chemical Co. 

Inertol Co., Inc. 

Water Softening Plants; see 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Hellige, Inc. 

Wallace & Tiernan Co., Inc. 

Water Treatment Plants: 

Allis-Chalmers Mfg. Co 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dearborn Chemical Co. 

Dorr Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., Inc. 

— Corp., Ozone Processes 


a. Pump & Mach. Corp. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite; see Ion Exchange 
Materials 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1950 Membership Directory. 
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RAISING FIGURES 
NATIONAL’S 
BUSINESS! 


Increasing efficiency, carrying: capacity and pressure of 
water mains has been the only business of the 
National Water Main Cleaning Company since 1905. 


During that period, we’ve cleaned over 45,000,000 feet 

of cast iron water mains and, we have yet to find the main 
(regardless of age or condition) that National can’t restore 
to at least 95% of its original rated capacity. 


The cost of National cleaning is small, compared to the 
advantages and savings effected in increased volume and 
reduced pumping costs. Resuitant increase in water pressure 
reduces fire hazard, particularly in outlying districts. 


At no obligation to you, our engineers will check the condition 
of your water mains, and if they need cleaning, 
estimate the cost of National cleaning. 


Write or call us today! 


TIONAL water MAIN CLEANING COMPANY 
33 50 Church Street - New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * OMAHA, NEBR; 3812 Castellar Street * RICHMOND, 
VA; 210 E. Franklin Street * SALT LAKE CITY; 149-151 W. Second South Street * SIGNAL 
MOUNTAIN, TENNESSEE; 204 Slayton Street * DALLAS, TEXAS; 6617 Snider Plaza * 
MONTREAL, CANADA; 2028 Union Avenue * WINNIPEG, CANADA; 576 Wall Street * 
HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO RICO; 
Luis F. Caratini, Apartado 2184. 
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Ace Pipe Cleaning Contractors Co., Inc. — 
American Agricultural Chemical Co.. .. 14 
American Brass Co., The. 
American Cast Iron Pipe Co........... — 
American Cyanamid Co., Industrial 

American Pipe & Construction Co...... 95 
American Well Works. ............... 75 
Anthracite Equipment Corp. .......... — 
Armco Drainage & Metal Products, Inc.. 53 
Ast Comevete Wet — 
Atlas Mineral Products Co., The....... — 
Badger Meter Mfg. Co................ — 
Belco Industrial Equipment Div....... 15 
Blockson Chemical Co................ 9 
Builders-Providence, Inc............... 97 
Co., The... 61 
41 
76 
Cast Iron Pipe Research Assn., The... 18-19 
11 
Chicago Bridge & Iron Co............. — 
99 
Darley, W. S., & Co.. 
Darling Valve & Mfg. 65 
Dearborn Chemical Co... 
De Laval Steam Turbine Co........... 39 
Electro Rust-Proofing Corp............ 17 
Flexible Sewer-Rod Equipment Co...... 57 
Ford Meter Box Co., The............5 @ 
General Chemical Div., Allied Chemical 

Golden-Anderson Valve Specialty Co. . — 
& Terry, tne... 52 
Hydraulic Development Corp.......... 8&3 
Industrial Chemical Sales Division, West 

Virginia Pulp & Paper Co........... viii 
Johns-Manville Corp................ vi-vii 


LIST OF ADVERTISERS 


Keasbey & Mattison Co............... 105 
Kennedy Valve Mfg. Co., The......... - 
Kupferle, John C., Foundry Co......... — 
Layne & Bowler, 73 
i 
M & H Valve & Fittings Co.......... 81 
McWane Cast Iron Pipe Co........... 47 
69 
Cast Pipe... 99 
National Water Main Cleaning Co..... . 107 
iii 
Omega Machine Co. (Div., Builders Iron 
Pacific States Cast Iron Pipe Co....... 47 


Peerless Pump Div — 
Pekrul Gate Div., (Morse ‘Bros. “Machin- 


Phelps Dodge Refining Corp........... — 
Philadelphia Gear Works, Inc.......... 84 
Pitman Manufacturing Company...... 7 
Pittsburgh-Des Moines Steel Co........ 63 
Pittsburgh Equitable Meter Div. (Rock- 

Pittsburgh Pipe Cleaner Co............ 85 
Cement Age... § 
Reilly Tar & Chemical Corp........... 109 
51 
80 
— 
— 
Simplex Valve & 93 
Smith, A. P., Mie. Co., The. Serres 


Solvay Sales Div., Allied Chemical & Dye 


Meter Co., 48 
Standard Electric Time Co............ 23 
Tennessee Corp. ace 
U.S. Pipe & v 
Universal Concrete Pipe Co............ 44 
Walker Process Equipment, Inc........ 55 
Wallace & Tiernan Co., Inc. ......... Ti 
Warren Foundry & Pipe Corp.......... 91 
Well Machinery & Supply Co. . cen ae 


Welsbach C ai Ozone Processes Div... 31 


Worthington-Gamon Meter Div........ 3 


Directory of Professional Services—pp. 25-29 


Albright & Friel, Inc. 
Alvord, Burdick & Howson 
Bays. Carl A. & 
Behrman, A S. 
Black & Veatch 
Black Labs., Inc. 

Bogert, Clinton L. Assoc. 
Bowe, Albertson & Assoc. 
Buck, Seifert and Jost 
Burgess & Niple 

Burns & McDonnell 

Caird, James M. 

Camp, Dresser & McKee 
Chester Engineers, The 
Consoer, Townsend & Assoc. 
De Leuw, Cather & Co. 
Eldred, Norman O. 

Fay, Spofford & Thorndike 
Finkbeiner, Pettis & Strout 


Assoc. 


e & Glace 


Freese, Nichols & Turner 

Fulbright Labs., Inc. 

Gannett Fleming Corddry & 
Carpenter, Inc. 

G. L. 


Greeley & Hansen 

Guyton, Wi'liam F, 

Havens & Emerson 

Hazen & Sawyer 

Horner & Shifrin 

Hunt, Robert W., Co. 
Jennings-Lawrence Co. 
Robert M. Johnston & Assoc. 
Jones, Henry & Williams 
Knowles, Morris, Inc. 
Leggette & Brashears 
Meneses Hoyos, Roberto & Co. 
Metcalf & Eddy 


108 


Nutting, H. C., Co. 

Parsons, Brinckerhoff, Hall & 
Macdonald 

Pirnie, Malcolm Engineers 

Pitometer Co. 

Purcell, Lee T. 

Riddick, Thomas M. 

Ripple & Howe 

Rose, Nicholas A. 

Russell & Axon 

Sirrine, J. E., Co. 

Smith & Gillespie 

Stanley Eng. Co. 

Stilson, Alden E. & Assoc. 

Weston & Sampson 

Whitman & Howard 

Whitman, Requardt & Assoc. 
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PROTECTIVE 
COATINGS 


for all types of surfaces 


Reilly Coatings give maximum pro- 
tection to metal, tile, stone, con- 
crete and cement surfaces whether 
placed underground or underwater. 
These coatings adhere tenaciously 
and have hard, pliable surfaces 
which are highly resistant to wear 
and variable temperature conditions. 


(Photo: Blasting channel for natural 
gas line crossing Tennessee River.) 


REILLY TAR & CHEMICAL CORPORATION 


: MERCHANTS BANK BUILDING 


: 
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SO MANY FEATURES... 


 ROCKWELL® important 


; SINGLE-REGISTER 
COMPOUND METERS 


READ DIRECT— 

WITHOUT COMPUTATION 

The single register compound speeds meter 


reading—only one register to read, one total 
to record. 


LIGHTEST—MOST COMPACT 


Size for size it is much more compact and 
lighter in weight than other compounds. They 
are much easier to install. 


LOWEST PRESSURE LOSS 


An exclusive combination of hori- 
zontally mounted propeller and swing 
action compounding valve permits 
straight through flow of large vol- ’ 
umes lowest pressure absorption. 


‘ 


TURNS DRIBBLES INTO DOLLARS 


Small flows and trickles which pass through 
ordinary compounds without registering waste 
money. With a super-accurate Empire oscillating 
piston meter catching these flows you can turn 
dribbles into dollars. 


a 
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C N R 
RELY 
RO C K _ MANUFACTURING COMPANY. 
PITTSBURGH &, PA. 


at Hollingsworth & Whitney 
Company's Chickasaw 
Mills, Mobile, Alabamo. 
Here, adequate space and 
a warm climate permitted 
this Company to take ad- 
vantage of the low chem- 
ical consumption and mini- 
mum operating require- 
ments of the Flocculator- 


Squorex Clarifier combi- 
nation, 


High-rate treatment at 
Canadian Celanese Ltd. in 
Drummondville, Quebec. 
This Hydro-Treator had to 
be covered because of the 
Canadian climate, it had 
to blend in with the sur- 
rounding residential com- 
munity, and space require- 
ments were limited. 


r treatme 
bu 


For instance, take the two Dorr in- 
stallations shown here. Both are in- 
dustrial water plants — both have 
approximately the same capacity 
— and both are installed primarily 
for color removal. Yet one uses 
high-rate treatment with a Dorrco 
Hydro-Treator, the other conven- 
tional treatment with a Dorrco 
Flocculator and Squarex Clarifier. 

Why the difference? In this case 


some wate 


nt problem 
t aren't! 


Fingerprints: -- 
s look alike .-- 


all-important local conditions. And 
to prove the equipment —— 
met these conditions both 
Companies have recently doubled 
water plant capacity by exactly 
their existing units! 

or a complete picture of the 
many types of Dorr water pre- 
treatment equipment, write for a 
copy of Bulletin No. 9141. The 
Dorr Company, Stamford, Conn. 


Hydro-Treator, Flocculator and Squarex are trademarks of The Dorr Company, Reg. U.S. Pat. Off. 


THE DORR 
Offices, A 


WORLD -WIDE RESEARCH 


ENGINEERING EQUIPMENT 
ENGINEERS STAMFORD, CONN. 


Rep ives in principal cities of the world. 
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Jointed for ... 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “‘jointing material”’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight. 
durable joint,—but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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